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IRRIGATION IN THE UNITED STATES. 

[Prepared by order of the United States Senate Special Committee on Irrigation and 
Reclamation of Arid Lands.] 



PART I. 
THE ARID REGION. 

An inquiry into the progress and present condition of irrigation in 
'this country necessarily involves a consideration of the extent and char- 
acter of the area within which the annual rain-fall is not sufficient for 
the industrial uses of the people. Such an inquiry, broadly defined, in- 
volves the extent of the fall of rains or snow within the area indicated ; 
also the evidence obtained as to increase or decrease of preeii)itation 
resulting from agricultural settlement or of pastoral occupation, the 
increase of humidity of earth or air, the destruction of the timber mainly 
by its use for settlement purposes, the effect of the desti uction of tiie 
native grasses and the substitution of cultivated varieties; also the 
sources of water supply, their character, uses, conservation, the means, 
natural and artificial, employed for their distribution, and what has 
been and is being accomplished in the way of artificial methods of water 
distribution and economy, and the laws and customs pertaining thereto. 
More than any of these, however, it relates itself fundamentally to the 
largest questions of physical geography. The topographical configura- 
tion involves, indeed it controls, the whole matter of aridity, because 
it determines all climatic considerations. The probability of reclama- 
tion by means of irrigation is primarily by the configuration of a given 
hydrographic area. 

Incidentally, the questions arising from deforesting, on the one hand, 
and of arboriculture, on the other, are related to the inquiry, and have 
been brought out to some extent. The aim has been to give the actual 
facts upon these subjects, so far us they could be supplied from obser- 
vation, experience, experiments, and realized results. This effort has 
been measurably successful. It has brought together a mass of facts 
^ and observations that shed much light on the questions involved, giv- 
ing a broader idea of the importance of irrigation, and adding greater 
value to a very large area of the United States, of whose agricultural 
capabilities but small account has heretofore been taken. It will be 
» developed by the facts herein presented that the area of the irreclaim- 
able arid lands within the boundaries of the Union is, comparatively 
speaking, quite moderate in its extent. There is, however, a very large 
area, embracing at least one third of our total land service, wherein the 
water supply, whether subterranean and surface-flow or in the form of 
precipitation, is both inadequate and irregular in character. 

The eastern boundary of this great area may at present be assumed 

to be the one hundredth meridian of west longitude. The western 

.. boundary may be in part placed at the Pacific Ocean, though more ac- 
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curately the Coast Range of California would be the line. The north- 
ern boundary is the British territorial line west from the one hundredth 
degree to the summit of the Sierras, or the one hundred and twentieth 
meridian. Following the summits of the main range, the northwest line 
would deflect to the central portion of Oregon, following the southwest- 
erly bend of the mountains down to the northern boundary of Califor* 
nia. The southern limit of this dry area would be the northern line of 
Mexico, and thence south by east, along the Valley of the Rio Grande, 
down to the Gulf of Mexico. The area then, east and west, through its 
central and larger portion, runs from the one hundredth meridian to 
the one hundred and twenty-fourth degree of west longitude, and in its 
greatest prolongation north and south from the forty-third to the 
twenty-seventh degree of latitude. In its more northern portion it runs 
east and west from the ninety-eighth to the one hundred and twentieth 
degree of wesMongitude. The larger portion from north to south is 
embraced between thethirty-second and forty-third degrees of latitude, 
with the sub-arid or semi-humid area, the eastern line of which, though 
irregular, may safely be stated as the ninety- seventh meridian, the 
total area extends east and west for nearly twenty-eight degrees of loii- 
gitpde. 

These lines cover nearly one-half of the States of Kansas and Ne- 
braska, both States of Dakota, the whole of the States of Colorado, 
Montana, and Nevada, with nine- tenths of California, one- third of Texas, 
and about one- third of Oregon ; also the Territories of Wyoming, New 
Mexico, Utah, Idaho, and Arizona, with at least one third (east of the 
mountains) of Washington. This embraces about one-third of our whole 
territorial surface, inclusive of Alaska. How much of the latter-named 
Territory may be wholly or partially arid or desert in character can not 
yet be estimated. The east and west lines of this dry region, then, are, 
in the widest section, over 1,300 miles apart, and in its greatest length, 
the northern and southern limits are about 1^000 miles apart. If the 
whole region were compactly arranged it would make a block about 1,000 
miles square. The area thus indicated may be subdivided again into 
three broad divisions, as follows : 

(1) The plains region, running north and south from the British 
American line to the lower portion of the Rio Grande Valley in Texas, 
and east and west from the one hundredth to the one hundred and fifth 
degrees of west longitude. This division may be broadly declared to 
have a general rise and altitude of from 1,500 to 5,000 feet, though it 
will fall below that at either end of the area. It is but sparcely sup- 
lilied with streams, which are mainly fed from mountain sources ; the 
annual precipitation is nearly everywhere below a reliable amount for 
economic uses In the central portion this precipitation will not, under 
favorable conditions, exceed 18 inches per annum in the eastern part, 
and as we go westward it diminishes to 12 and 15 inches per annum. 

In the southern (Texas) portion of this area the rain-fall will some- 
what exceed 20 inches on the east, decreasing until, on the northwest, 
it will reach only 8 to 10 inches in the most favorable seasons. In the 
northern or Dakota portion the average is more evenly maintained. 
This division will include the western half of Kansas and Nebraska, 
one-third (or the eastern foot-hills and plains region) of Colorado, the 
major portion of Dakota, the eastern half of Wyoming Territory, an<l 
pije thir4 or more of the Indian Territory and Texas, with about one- 
fourth (or the eastern part) of New Mexico. It is drained by a number 
of streams, some of them of importance, and is bounded on the eas". 
^n4 portU bjiT the IVJis^puri River (iqd its ^4*i^Pts, and by the Pecos and 
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i^on Rivers on the west and southwest. Its soil is almost ani- 
form9 fertile. Natural grasses of most nutritious quality are found 
throughout its area. It is the most important grazing section of the 
West. 

Large farming settlements are moving steadily and compactly west- 
ward from the eastern line. At various points in its western portion 
tbere are important farming communities, created mainly by the use of 
water as applied through irrigation ditches and by other meana Of 
storage and distribution. The valley of the Upper Rio Grande, from 
tbo San Juan liange in southern Colorado, to where the river de- 
bouches from Kew Mexico into Texas and becomes the boundary-line 
between the United States and Mexico, has for many generations been 
the s^t of local and unsystematized irrigation works. The Pueblo or 
town-dwelling Indians have for centuries practiced it. Since the 
Spanish conquest, in the sixteenth century, the mixed Mexican people 
who have inhabited this district have always been obliged to irrigate 
in order to cultivate. In these latter days our own more enterprising 
people are inaugurating and carrying on larger eaterprises and proj- 
jects, whose advantages are already perceivable. 

(2) The second great division can be more distinctly characterized 
as the arid section of the United States. It lies between the one hun- 
dred and fifth and the one hundred and twentieth meridians, taking in 
the whole of our intra-mountain region, from the foot-hills of the Rockies 
to the lower slopes and foot hills of the Sierras Nevada in California, 
and extending north and south from British America to Mexico. 
Within this area, except on the higher and arid* heights of the ranges, 
))riiieii)al or secondary, there is generally good pasturage for cattle. 
The natural grasses are sun-cured, and a£ford ample food and range 
for many million head of cattle. 

The problem of water supply is, however, one for serious considera- 
tion. There are desert tracts and areas within this great region which 
are undoubtedly arid and desolate to the extent of irreclaimability. 
Their extent is a matter yet unsettled, especially in view of the great 
enterprises projected and in progress in both Colorado and California. 
Even the mountain plateaus, which, from altitude as well as aridity 
would seem to be undoubtedly sterile, may yet be found useful, not only 
ill providing for cattle, but, possibly under systematic plans of forest- 
culture, they may be made the means of protecting the water sources 
and otherwise favorably inodifying climatic and terrene conditions. 

The defined outlines of this second division embrace the great basin 
section, of which Utah and its water reservoir — ^the great Salt Lake — 
are the dominating physical and geological features; the Colorado 
plateau region, which occupies the larger portion of Southern Nevada 
and Northern Arizona; the beautiful parks of the Rocky Mountains or 
the eastern flank and ranges of the North American Cordillera system ; 
the table-lands of southern Arizona, and the great valleys and basin 
formed on the north by the Columbia River and its important affluents 
in eastern Oregon, Idaho, and Montana. 

Arid and desert as this stupendous mountain system may seem to 
l)e, it will be found on examination to have large sections capable of 
agi icultural uses, and also to hold within its borders such sources and 
supplies of water as, properly conserved, protected, and distributed, 
undtir the wise and conservative direction of the. national and State 
Oovernments, will be found of ample utility for the purposes (I) of larger 
p:istoral uses ; (2) of more limited and localized, but still extensive, 
agricultural purposes ; and (3) as storage and reservoir sources, from 
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which at no distant day the life-giving waters may be couveyed to and 
distributed over vast areas, which even our present limited experftnces 
prove to be convertible into fertile farms. 

A glance at a good topographical map will indicate to the observant 
eye the areas under reference. For example, the central section of the 
Rockies (in Colorado, Wyoming, and a portion of New Mexico) contain 
the sources of important rivers. This hydrological area is extensive, 
as there are numerous lakes, some of considerable size, while the snow 
precipitation is also quite heavy. 

Inquiry and examination will satisfy the inquirer that in the extreme 
west the higher Sierras yield from the snow precipitation alone an 
amount of water which, under proper engineering conservation and 
wise plans of distribution, carried out for the common weal rather than 
for cori)orate profit, would supply the whole great valley and foot-hills 
region of central and southern California, now being so largely devel- 
oped as a wheat and fruit growing region. The eastern slopes of the 
Sierras belong as drainage area to the huge hydrographic basin of 
wliicli Nevada is the chief portion. The snows and storage of that 
region should readily reclaim 3,000,000 acres in western Nevada. 

In the northern portion of our intra-mountain area the hydrological 
system, comprising the Columbia and Snake Rivers and their affluents, 
will certainly give a sufficient water supply both for pasturage and 
agriculture. 

East of the Cascade Mountains the climate and natural features of 
the country are v^ery different from those of the great basin lying west 
of them, so that the popular divisions, eastern and western Oregon 
and Washington, are fully warranted. In the eastern section the 
thermometer is much higher in summer and lower in winter than in the 
western section. The rain-fall is not half as heavy. From June to 
September there is no rain. The winters are short, but occasionally 
severe. Snow seldom falls before Christmas, and, though it sometimes 
lies from four to six weeks, it usually disappears in a few days. The 
so-called ''Chinook," a warm wind, blows periodically, and melts deep 
snows in the course of a few hours. 

In Eastern Oregon and Washington spring begins in February, and 
lasts until the middle of May. At this season rain falls in sufficient 
quantity to give life to vegetation and insure good crops. The average 
temperature is 52^. The rain-fall of the year does not average more 
than 20 inches. South of the Snake River it is not more than 15 
inches, increasing gradually to the northward. 

In the southern portion of this area, where the Colorado plateau 
descends to the valleys of the Gila, Colorado, and Rio Grande, forming 
the table-lauds of Southern Arizona and New Mexico, there has already 
been utilized a water supply sufficient for cattle, and in several extended 
portions, as in the valleys of the Gila, Rio Verde, Salt, Colorado, Chi- 
quita, San Pedro, and Santa Cruz Rivers, almost enough to meet the 
present agricultural and horticultural demands has been turned to 
account. 

It may be estimated, then, that, of our whole intra-mountain region 
below the timber line as herein outlined, at least 60 per cent. affi)rd8 
fair pasturage, with sufficient watering-places, though often at long in- 
tervals apart, and subject to various limitations, which are rapidly be- 
ing in a degree overcome, and will hereafter largely disappear as more 
attention and skill are directed to tbe subject. The facts gathered from 
Utah and Nevada will show how large are the possibilities of improve- 
ment in this direction. No really accurate estimate can be made as to 
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the proportion of this intra-mountain area that may be reclaimed for 
arable and horticultural purposes; but it is not extravagant to claim 
that when the accessible water sources shall be brought into use, one- 
fifth of its acreage (as already defined) may be so utilized. In a very 
large portion the per cent, will be quite small; in other portions it will 
greatly exceed the general estimate here made. It must be borne in 
mind that in both estimates the higher mountain sections, embracing 
at least one-fifth of the whole region, are excluded. Yet, on the summit 
of the highest plateau region in northern Arizona, for instance, cattle 
are successfully wintered at an altitude of from 7,000 to 10,000 feet above 
the sea. 

(3) The third division, which might fairly be ranked first in point of 
interest, embraces the Pacific coast region from the western slopes of 
the Sierra Kevada (in California) to the ocean, and takes in the great 
transverse valley troughs or plains cradled between the Sierra foot- 
hills and the Coast Eange, the great wheat granary of the Golden State, 
and also the fruit-growing section, yearly rising in importance. 

In treating of these three divisions of the arid region more in detail 
they will be taken up in inverse order, beginning with the one named 
last in the above statement. 

THE PACIFIC COAST DIVISION. 

This division embraces the State of California, lying between the 
one hundred and twentieth degree of west longitude and the Pacific 
Ocean, east and west, and between the fortieth and thirty-first degrees 
of north latitude. 

In the San Joaquin Valley, at Fresno, and at different points in 
southern California, as Los Angeles, San Gabriel, Riverside, Anaheim, 
San Diego, water is found to be attainable at moderate depths, and ap- 
parently in all directions. This subterranean supply, wherever it has 
been reached and utilized, is greatly reducing the need of surface irri- 
gation. 

Fruit growers and wheat farmers in southern California unite in the 
testimony that after irrigation has been practiced for some years a 
given supply of water suffices for a largely-increased area, the expla- 
nation being that when water is first applied to arid land a large part 
of it sinks deep into the dry earth, or is carried away latterally by 
seepage; whereas, when the lower strata and^ to some extent, the 
lands adjoining those under irrigation, are moistened, the amount of 
water absorbed in excess of the actual needs of vegetation becomes 
comparatively small. How much effect this increased humidity of the 
soil may have on the atmospheric humidity is not yet known, but the 
increase of evaporation due to this circumstance and to the cultivation 
of trees and plants must ultimately produce a beneficial change in this 
regard. 

The full industrial use of water in California must necessarily be gov- 
erned by the larger topographical and other physical conditions. The 
precipitation seldom exceeds 22 inches annually, and over a greater 
portion of the State falls below that figure. The wide range of varia- 
tion in rain-fall is illustrated by the following facts: At Fort Redding 
the range of three years was from 15.9 inches to 37.4 inches; at Sacra- 
mento the range of seventeen years was from 11.2 inches to 27.5 inches; 
at Millerton, six years, from 9.7 inches to 49.3 inches; at Stockton, three 
years, from 11.6 inches to 20.3 inches; at Fort Tejon, five years, 9.8 
inches to 34.2 inches; at Monterey, five years, from 8.2 inches to 21.6 
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inches; at Sau Diego, twelve years, 6.0 inches to 13.4 inches ; at Benicia, 
twelve years, 11.8 inches to 20 inches. The above figures show the rain- 
falVfor calendar years; the following show the amount ot precipitation 
during the rainy season: Clear Lake, 1 ,300 feet elevation, six yeai's, 10.2 
inches to 66.7 inches; Visalia, three years, 6.7 inches to 10.3 incbes; 
San Francisco, twenty-two years, 7 inches to 49.3 incbes; Pillarcitos, 
nine years, 39 inches to 8 J inches; Sacramento, twenty- four years, 4.7 
inches to 36.4 inches; San Diego, twenty-two years, 4.5 inches to 14.8 
inches. 

The importance of California warrants a fuller description of the State, 
its topography, and other conditions bearing on the question of irriga- 
tion within its limits. There are two great mountain ranges running 
northwest and southeast, namely, the Sierra Nevada and the Coast 
Bange. The former is from 4,000 to 8,000 feet high and the latter from 
1,000 to 6,000 feet. The two ranges are connected in the southern part 
of the State at Tehachipi, and in the northern at Mount Shasta. The 
Sierra Nevada Bange extends along the eastern border of the State and 
is about 450 miles long. The Coast Bange extends along the coast to 
the northern and southern boundaries of the State. The base of the 
Sierra Nevada Bange north of Fresno has an average width of about 80 
miles. The Coast Bange averages about 65 miles in width. Between 
the two ranges are the great Sacramento and San Joaquin Valleys, 
which together are about 450 miles long b^' 55 miles wide, and may be 
termed the heart of the State. 

In the northern part of the State, and north of the junction of the 
two great mountain ranges, is the Klamath Basin, through which the 
Klamath Biver runs for a distance of 225 miles, between steep hills and 
mountains and rocky canons, in a southwesterly course to the ocean. 
The whole basin of the Klamath is very rugged for a distance of 40 
miles from the coast, and along the main river there is very little valley 
or bottom-land. However, there are several small rich valleys and near 
the lakes there are large fertile tracts. Pine, cedar, and fir forests cover 
the mountains, and there are other valuable trees, both on the mount- 
ains and in the valley s. In the extreme southeastern portion of the 
State is the Colorado Desert, about 140 miles long by 70 miles wide, 
which is the dry bed of a former inlan<l sea. Another great basin, 
called the Mojave Basin, lying north of the Colorado Desert, extefids 
into the southern x)art of the State, the surface of which is cut up by 
many irregular ridges of mountains. 

The Coast Bange is composed of a multitude of ri<lges and is inter- 
sected by numerous long and narrow valleys of lertiie soil, comprising 
those of the Los Angeles, Salinas, Santa Clara, Sonoma, Napa, and Bus- 
sian Bivers. The State has numerous small riv^ers. In the central por- 
tion are the Sacramento and San Joaquin, each in its meanderings about 
350 miles long. These are the only navigable streams in the State. 
From the Sierra Bange westward into the Sacramento flow the Pitt, 
Feather, Yuba, American, Consumnes, and Mokelumne Bivers. Into 
the San Joaquin flow the Calaveras, Stanislaus, Tuolumne, Merced, 
Chonechilla, and Fresno. Into Tulare Lake flow the Kings, Kameah, 
Tule, and White Bivers, and into Kern Lake the Kern Biver. All of 
these are considerable streams, with an average length of about 120 
miles. The upper half of each is in the steep and rugged mountnins, 
where they are torrential in character. After reaching the plain their 
currents are gentle, and the banks low, fringed with oak, sycamore, 
Cottonwood, and willow. 
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The rivers of the Coast Eange flowing westward iuto the oceuu south 
of San Francisco are the San Lorenzo, Pajaro, Salinas, Carmel, El Sur, 
and Cuyama, Santa Inez, Santa Maria, San Buenav^entura, Santa Clara, 
Los Angeles, San Gabriel, Santa Ana, Santa xMaigarita, San Luis Key, 
and San Diego. Many of these are constant streams to within 10 or 15 
miles of their mouths, and ail of them pass through rich valleys. North 
of San Francisco the streams of the Coast Range which empty into tiie 
ocean are the Russian, Bel, Elk, Mad, Klamath, and Smith Rivers, be- 
sides many others of less importance, all of which are permanent 
streams, bordered with narrow valleys at the foot of the mountains. 
To all of the rivers of the State flow many small tributaries Thereare 
several important lakes, the Tulare, Owens, Kern, Clear, Klamath, 
Goose, Fall, Eagle, Honey, Elizabeth, Tahoe, Mono, and Dry Lakes. 
There are also a number of smaller ones. 

The southern portion of the great interior basin of California is <*oni 
monly known as the San Joaquin Valley, although it comprises the San 
Joaquin, Tulare, and Kern Valleys. The Tulare Valley is separated 
from the first named by a low ridge of land, scarcely noticeable, and in 
times of high water the southern lakes and rivers find an outlet through 
Fish and Fresno Sloughs into the San Joaquin River, thence to t^ an 
Francisco Bay. Properly, there is no division lying between the San 
Joaquin and Sacramento Valleys. The greatest length of San Joaqnin 
Valley is 2G0 miles, the width varying from 30 to 70 miles. The area is 
11,290 square miles, or 7,225,600 acres. The eastern and western sides 
of the valley slope from the base of either range of mountains towards 
the lakes or streams in the lowest part, at the rate of 5 to 8 feet per 
mile ; also northward to tide- water in San Francisco Bay, with a general 
fall of 1 foot to the mile. 

The Mount Diable or main Coast Range on the west side of the val 
ley has an average height of about 1,700 feet. The Sierra N^evada 
Mountains on the eastern side of the valley rise to a much greater 
height. Mount Whitney, in Tulare County, has an altitude of 15,05G 
feet, and is the highest peak within the United States. From this mount- 
ain the summit-line of the range gradually lessens in height towards the 
north and more rapidly to the south. These mountains are rugged anrd 
broken, sharp, rocky ridges and granite spires rising abruptly to great 
altitudes. In the small valleys- between these ridges is perpetual snow, 
and about the base of Mount Whitney area number of sm;ill glaciers. 
This region has some of the wildest, grandest, and most beautiful scen- 
ery in the world. The San Emidio, or Tejon Mountains, a spur run- 
ning at right angles to the Sierra and Coast Ranges, and joining the two, 
form the southern boundary of the San Joaquin Valley. The foot-hills 
commence in the northern part of Fresno County at an altitdue of 805) 
feet above sea level, and in the extreme southern end of the valley at a 
height of 400 feet. In the hills are many valleys, some of them large 
and level, others more uneven. 

In the Coast Range there are few valleys. About the base of the 
range are gently-sloping table-lands at an altitude of 100 to 250 feet 
above the valley, from which the niountains ascend to sharp and narrow 
ridges cut transversely at intervals of a few miles by natural passes 
extending through the range. The flanks of the Sierra broaden towards 
the south. The Sierra foot-hills in the portion of Tulare County, mid 
way between the northern and southern boundaries, rise suddenly from 
the plain, but to the northward and southward, in Fresno and Kern 
Counties, the slope is more gradual, the hills lower, and the belt wider. 

Jigitized by VjOOQ iC 



10 lERIGATION IN THE UNITED STATES. 

THE RAISIN VINEYAED REGION. 

To tbeeyeof tbe traveler tbe plain generally presents a very level sur- 
face. In Fresno County, on the eastern slope of the valley, are scat- 
tered hillocks 20 to 30 feet in height, with a wide base, rendering them 
inconspicuous even at a short distance. These are not observable else- 
where in the Southern San Joaquin Yalley. Extending along the entire 
length of the eastern side of the valley, near the foot-hills, is a belt of 
uneven country known as "hog- wallow" land. These "hog wallows" 
are little mounds ranging from a few inches to 3 or 4 feet in height, aver- 
aging 1 to 2 feet, with a diameter of 16 to 50 feet. There are no deep 
river-beds traversing the upper part of the valley, although further 
north these are common. The beds of the southern streams, in fact, are 
in almost every case higher than the general level of the plain, having 
been built up into low, wide ridges, by the alluvium deposited during 
the rainy season through a long series of years. 

Fresno, Tulare, and Kern Counties form the southern part of the San 
Joaquin Valley. The three counties have an aggregate area of 21,770 
square miles, or about 13,932,800 acres. Of this large extent of country 
13,885 square miles, or 8,886,400 acres, are mountain and hill land^ and 
7,885 square miles, or 5,046,400 acres, are in the valley, making a body of 
arable land in these three counties (deducting the surface covered with 
water) equal to some of the larger Eastern States. The land is divided 
among the counties as follows: Fresno, 4,480 square miles, or 2,867,200 
acres, of mountain and hill land, and 3,520 square miles, or 2,252,800 
acres, of valley land ; Tulare, 3,835 square miles, or 2,454,400 acres, of 
mountain and hill land, and 1,775 square miles, or 1,136,000 acres, of 
valley land ; Kern, 5,570 square miles, or 3,564,800 acres, of mountain 
and hill land, and 2,590 square miles, or 1,657,600 acres, of valley land, 
including the gently sloping plain skirting the base of the hills. There 
is a more gradual ascent from the valley proper in Kern than in either 
of the other two counties. The numerous valleys, large and small, in 
the mountains and foot-hills are not estimated as valley land. 

THE SAN JOAQUIN ARTESIAN WELLS. 

There is a large portion of the southern San Joaquin Yalley that is not 
wholly dependent upon the streams for irrigation, considerable water be- 
ing obtainable from artesian wells. The artesian belt extends from on© 
end of the valley to the other. A good flow is usually obtained in boring 
to a depth of 300 to 600 feet. The first successful boring for artesian 
well water in Tulare County was made by the Southern Pacific Railroad 
in 1879 near Tipton, and a flow rising half an inch above the*, rim of the 
casing was secured at a depth of 310 feet. The well is on the eastern 
margin of the belt. This water was used for irrigating a 40-acre tract 
of forest trees, which it did successfully. 

No rock is encountered in boring, strata of sand, clay, and gravel suc- 
ceeding one another. It is therefore necessary to use iron casing the 
whole distance, which is forced down after the auger. The depth at 
which the first water-bearing stratum of sand or gravel is penetrated 
is from 310 to 640 feet, although some of the wells have been put down 
to a depth of 800 feet, passing through several of these strata. The 
deepest in Tulare County are in the northwestern part, near Lemoore. 
The section in which the greatest number of good, flowing wells have 
been obtained is west of the Tulare and near Tipton, the water from some 
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of tbem risiug to a height of 5 or 6 inches above the casing. Wells are 
also shallower here than aboat Lemoore. The average depth in Tulare 
County is about 450 feet. There are in Tulare County about three hun- 
dred wells. It is impossible to give the exact number, as so many new 
ones are being bored. In Kern and San Bernardino Counties the num- 
ber is not less than five hundred. 

In Fresno County fewer wells have been bored. In the southern part 
of the county water is obtained in one well at a depth of 152 feet. 
Others have been bored in the region bordering on the San Joaquin 
Eiver, the depth of these averaging from 150 to 200 feet. In Kern 
County, at the southern extremity of this great basin, artesian wells 
were bored several years ago and water was obtained at a depth of 200 
to 250 feet, the average depth being less than In Tulare County. So?ne 
fifteen or twenty wells have been bored in the county. One, 470 feet 
deep, furnished about 30 gallons per minute. Others have been bored 
north of Peso Creek, in the region about Delano and Alila, and else- 
where in the county. The average fiow from the wells of Tulare County 
may be placed at 2^ inches above the casing. 

The quantity of water furnished by a well of this capacity is about 
247 gallons per minute, or a little more than half of a second-foot. In 
parts of the San Joaquin Valley shallow wells have been known to fail 
after two or three successive years of light rain-fall and to flow again 
after a wet season. This has not happened in the southern portion of 
the valley. The deeper wells continue to flow regularly. It is claimed 
that some of the wells in Tulare County will each irrigate 160 acres of 
land thoroughly, and after the ground has been irrigated and cultivated 
a number of years and the methods of applying the water perfected a 
greater acreage can be successfully watered. More recent observa- 
tions show that these wells are periodical as to flow, being larger and 
with more power when the mountain snows are melting than at any 
Other time. 

The Mussel Slough region in Tulare County was the first to be irri- 
gated on a large scale, and soon became famous for the productiveness 
of its land. In the foot-hills there is generally sufficient rain, except in 
very dry years, to mature crops. Where the soil is loose and sandy 
and where irrigation has been in use for a term of years little water 
is required other than that supplied by the rain-fall, the ground being 
sufficiently moist from seepage. In places moisture will permeate 
the ground for miles from the ditches. In some portions of Kern County 
the far ms, CO ?n prise from 640 to 1,800 acres, and the checks made for irri- 
gating are surrounded by strong, low embankments, made with a view 
to permanency. The ditches are made on the highest land, and the 
levees inclosing these irregularly-shaped checks are built so as to take 
advantage of the natural inequalities in the surface. 

VALUE OF THE FOOT-HILLS. 

The foot-hill region contiguous to the great valley which has been 
frequently referred to deserves more extended notice. This belt is of 
varying width, extending along the Sierra Nevada Mountains. In the 
mild climate of the Southern Joaquin plain it is most valuable for the 
growth of citrus and other semi-tropical fruits. It is particularly adapted 
to early fruits of all kinds. It has already been stated th^ t fruit ripens 
much sooner in the orchards of the Fresno and Tulare County foot-hills 
than on the plains. The same is true of Kern County. Experience 
demonstrates that in the valley at the mouth of Kern Eiver CaHon, 
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twelve miles from the Soutbero Pacific Railroad at Siiuiner, frosts begin 
one month earlier than in the valley, and cease a month earlier in the 
spring, and during the coldest period are less severe than on the 
phiiu. 

Peaches in the foot-hills have ripened a month earlier tban on Kern 
Island ; all kinds of stone fruits mature earl^', while other kinds that 
do not bear well or regularly in the valley grow to perfection here. An 
isothermal line drawn through the axis of this belt would traverse the 
lower and more easily cultivated portion of the foot-hills, and at the 
southern end of the valley would extend upward and inland to the 
abrupt mountain wall where Kern River Caiion bisects the range, 
where it would approach nearer to the valley than farther north, 
owing to the topography of the mountains and not to other conditions 
influencing climate. Above the thermal belt, extending through the 
region of black oak to and into the pine and redwood forests, is an 
extensive area adapted to the production of a great variety of crops, 
and particularly to those fruits that require a cooler climate than that 
of the lower foot hills and plain. The soil is rich, but the greater part 
of the hill land is covered with a dense growth of chamiso, manzanita, 
chaparral, and other brush, which must be cleared before the land can 
be cultivated. 

Small clearings have already been ma<le, and the result has been to 
encourage others to enter or purchase and do likewise. At no distant 
day this will be an important section of the agricultural and fruit- 
growing portion of the three counties named. It is a healthy region. 
The rain-fall is greater than in the valley, and by conducting water 
from the mountain streams by the system ot piping employed in other 
])arts of the State a sufficient supply can be obtained to irrigate all the 
best cultivable land, and by the conservation of water in reservoirs 
during the wet season the small streams could be depended upon to 
furnish a sufficient supply for a large aggregate area not readily 
reached by the main streams. Above an altitude of 1,200 feet in Fresno, 
1,000 feet in Tulare, and 2,000 in Kern County there is sufficient rain- 
fall to make irrigation useful but not an absolute necessity. 

In the region midway between the plain and the mountains proper 
the hills are generally precipitous, and although small valleys are nu- 
merous, there are few of any considerable area. Land in the southern 
San Joaquin Valley remote from water supplies has in only a very few 
instances advanced materially above Government price; whereas that 
lying contiguous to or supplied with water has advanced several huu- 
<ired per cent, in value, having been converted from grazing to pro- 
ductive agricultural and fruit land. In Fresno County only has the 
colony plan of settlement been carried to any great extent. At present 
there are two colonies in Tulare County, and one or two large tracts of 
land for sale in lots of 10 to 40 acres. Twenty acres are sufficient for 
fruit growing, and 40 acres is the largest tract that one man or family 
should attempt to cultivate, for it pays better to give careful attention 
to liO or 40 acres than to imperfectly work more. The first colony 
started in Fresno County was the Central, near the town of Fresno, on 
the west side of the railroad. The land on which it was located was a 
treeless, uninviting plain, and, except in the wet season, verdureless. 
Now the elm, fig, cherry, and other trees give names to the avenues 
along which they are planted, and the tract presents a succession of 
flourishing orchards and vineyards, with scores of beautiful and com- 
fortable homes, surrounded by shrubbery, green lawns, and flowers.. 
Other colonies have since been started, and are in a more or less ad- 
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yanced state. The principal ones are the Washington, Nevada, Fresno, 
Scandinavian, Easterby, and American, which follow in the order 
named. 

THB DRAINAGE BASINS. 

The area of California in its relations to irrigation falls into the fol- 
lowing divisions: 

(a) The natural area of sources, supply, and reservoirs j that is, the 
higher portiops of Ihe Sierra Kevada, upon the western flanks and sum- 
mits of which the snow precipitation is he;ivy, whose physical forma- 
tion creates the great catchment basins, and whose altitude is sufficient 
to break, deflect, and desiccate the great moisture-bearing currents from 
the Pacific Ocean. 

(b) The foothills region, extending from Mount Shasta to tho Sail 
Bernardino Range. This is the seat also of the important mining oper- 
ations of the State. It is, consequently, the area in which the water- 
supply section has been largely drawn upon and made extensively avail- 
able by means of catchment areas, dams, ditches, and flumes. It is also 
especially in what is designated as the lower foot-hills where the altitude 
is below 2,500 feet, an area in which, these supplies and distributing 
agencies, natural and artificial, have been extensively utilized for agri- 
cultural and horticultural purposes* 

Experience has proved that in this subdivision of the State, which for 
all practical purposes embraces nearly all of Northern California, irri- 
gation must, for such industrial purposes, be heavier and more contin- 
uous than elsewhere. Irrigation enterprises therein have up to date 
been largely of a personal and individual charac!er, except where the 
hydraulic mining companies have utilized their larger water- works 
and channels, with the surplus waters they controlled, by selling the 
latter to the farmers and horticulturists of the region. 

(c) This "subdivision embraces the great valley region of the State, its 
most important wheat and grain growing section, and includes the exten- 
sive drainage basins of the Sacramento, San Joaquin, Feather, Bear, 
Yuba, American, Cosumnes, iVlokelumne, Tuolumne, Merced, Kings, 
Fresno, Kern, and other streams, large and small. It covers an area of 
over 34,000 square miles, divided into sixteen counties, within which 
every problem connected with the industrial use of water and its con- 
servation, legal and practical, is in process of both application and 
discussion. The most extensive canal system, and the combination of 
farming interests in the control of supply, or the application c/f capital- 
istic enterprise to induce land settlement primarily and water purchase 
subsequently, are to be found therein. 

There are also, as already noted, well-developed artesian belts in the 
upper portions of this region. The lower portions are subject to tidal 
overflow and river inundations, while the existence of water at a mod- 
erate depth is being demonstrated in almost every portion of the great 
valley areas. This region embraces not only the major portion of tlio 
wheat- producing area, but is also the seat of large viticultural and hor- 
ticultural activity. 

PLANTING AND SUB-SUBPAOE WATER SUPPLY. 

Perhaps the most gratifying as well as significant fact developed by 
the irrigation experience of California, especially In the valley region, is 
that connected with quality of the soils, which are generally of great 
tWokuess aad tenacity. Underlying the surface soils there are found 
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almost everywhere at moderate depths, impervious strata, by which 
the water drawn too rapidly from the overdrained surface has been 
happily preserved. Owing to this almost generally established condi- 
tion of things, water throughout the northern as well as the central por- 
tions of the State is being obtained from ordinary wells. It is pumped 
to the surface and distributed by the agency of the peculiar wind-mills 
in use, which are now knojvn in all parts of the world. 

The altitude of the California valleys is nowhere very great, and 
the lower portions are at but moderate heights above sea-level. That 
of the foot-hills region is from 2,500 to 4,000 feet. California experience 
brings into prominence the question whether the cultivation of the soil 
in surface-dry and wind-desiccated areas, such as the valleys and lower 
table-lands of that State were assumed to l>e but a few years since, 
does not of itself tend directly to an increase of surface humidity by 
capillary attraction, or the drawing upon the water supplies that are 
unquestionably found in the underlying strata. Another question sug- 
gested is, whether such supplies are not to be found flowing below or 
underlying considerable areas of the valley plains and table-land re- 
gions of Central and Southern California and elsewhere within our di-y 
areas. The precipitation of rain and snow, with the annual melting of 
the latter, would be in itself sufficient to feed such subterranean bodies. 

It is evident that these aqueous supplies do not directly flow to the 
ocean within the hydrological channels and basins that have been Worn 
through the surface and other strata. The streams and rivers of Cali- 
fornia do not carry volume enough to account for the amount of depo- 
sition that must occur within the sub-division designated as the source 
and supply area of the Sierras. If subterranean bodies of water exist 
they will be utilized by borings. The high altitude at which waters 
disappear into the earth must give them, when arrested under the 
tablelands and plains below by impervious strata, a force ample to 
propel the same up and above the surface, and to give them the value 
of living perennial streams or springs. In fine, there are two sources 
of subterranean waters to be utilized in California for fuller industrial 
purposes. The first is the water arrested in its flow from the surface 
at moderate depths, and which can be reached and drawn upward by 
the loosening of the soil consequent upon cultivation, and by the hardy 
and penetrative qualities of the plant roots. The other source is to be 
ibund in the deeper bodies that are' presumably the lost and sunken 
floods of the Sierras. That such bodies exist there is more than mere 
conjectural data to indicate. 

RECLAIMABILITY OF MESA AND DESERT LANDS. 

Passing from these points, the other division of southern California 
embraces some of the features of both the valley and foot-hills regions. It 
is also affected in its western portion by the trade winds and other coast 
influences, and its extreme southern and eastern section is modified 
and molded by the great Colorado plateau formation of which the 
boundary mountains and mesas, or table-lands, are in fact a part. There 
are great stretches of arid mesa, or secondary table-land, which must 
be counted as desert, though the major portion has native grasses suf- 
ficient to feed a large number of animals. There is also sufficient de- 
velopment, especially in Los Angeles and San Bernardino Counties, to 
indicate the possibility of profitable reclamation in the case of consid- 
erable portions of these so-called deserts, provided the waters now availa- 
ble, explored, and in part utilised, can be distributed over their 8«rf;ace. 
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The soathern California division approaches, in many of its products, a 
semi-tropical fertility and luxuriance. It is the chief seat of the orange 
culture. The lemon, olive, date, fig, almond, pomegranate, nectarine, 
and other fruit trees requiring warm and fecund soils, giow in abun- 
dance there. The upper or northerly part of this subdivision forms a part 
of the great wheat- producing area of the State. 

The table-land or mesa portions are also extensively utilized for tlie 
pasturage of cattle and sheep. In the southern section of California 
the absence of any considerable hydrological basins with flowing waters 
in them makes the method of conservation of great significance. The 
economic use of water therein has almost approached perfection. The 
conservation of the Los Angeles River and of other similar but smaller 
streams, within the three great counties into which Southern California 
is legally divided, is in proof of this. 

WATER LAWS AND REGULATIONS. 

The practical legal issues involved in the conservation and distribu- 
tion of water for economic uses within the State of California are of a 
most serious character. 

There are district community methods of control, as seen in the laws 
and policy found operative within the State. The first comes from the 
admixture of the Indian community, or pueblo life, with that of the 
Spanish conqueror, both being aftected and shaped by the needs and 
customs of people to whom irrigation has always been a prime necessity. 
The Indian, with his tribal, clan, or village organization, has regarded 
land and water as common or communal property, in the use of which 
all had a right. The Spaniard regarded the land as his by conquest, 
but held that the water, being necessary for its full utilization and 
profit, must be controlled by the king, L e., the state, and therefore 
should be for the public use. The English common-law doctrine of ripa- 
rian rights has no place in the economy of either people. The public 
(Bharge of the water supply at Los Angeles and elsewhere in southern 
California illustrates the perfection to which the community may bring 
control and distribution. The discovery of gold brought with it in Cal- 
ifornia the rapid adoption of a miners' code, both as to the occupation 
of mineral "claims" and the control of water rights. 

This code has become the foundation of nearly all our legislation, 
State and national, as to the disposition and use of the mineral lands, 
and, in a minor degree, it has also dominated and shaped the water 
usages so far as mining is concerned. The public use of water is fairly 
established in that connection; but as to the other and larger utiliza- 
tion of water in agriculture, the drift of events within the dry area 
seems to have been for a long time in the opposite direction. This 
tendency began early in the construction of large works in the upper 
foot-hills and Sierra regions, for the purpose of obtaining a water supply 
large enough to carry on the great hydraulic enterprises which, for a 
quarter of century past, have been so marked a feature of California 
gold-mining. 

The United States Senate Committee on Irrigation sum up the legal 
relations of water and land as follows : 

The legal qnestions involved in the beneficial uses of water have been strangely 
complicated in California. The Indian community system prevailed before and 
during the Spanish occupation, having been made useful by the missionaries, who 
obtained snch great control of that population. The Spanish conquerors were them- 
nlyes original dwellers in an arid region. When the State passed under the control 
of this BepubliCj each sm^ll portions of it as were cultivated owed their fertility 
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entirely to irrigation. The modes of distribution were recognized as being properly 
controllable by the community. Water was public property. The American miner, 
with his new enterprises and enormous energy, created a whole code of laws in regard 
to the use of water. Its basis was the pioneer principle of first come first served, 
and that has been reproduced in our jurisprudence as " prior appropriation." 

In forming a constitution, the people of California incorporated the body of com- 
mon law. Judges and courts have construed the common law to mean that the doc- 
trine of riparian rights necessary in England and in our Eastern States should be 
applied to the use and distribution of water to agriculture. It is easy to see that 
this conflict of prior appropriation and riparian rights must create considerable 
trouble. A large majority of the earlier irrigation enterprises, generally found in the 
foot-hills region, were served with water secured under the miners' prior appropriation 
laws. When the land-owner on a stream demanded his riparian use of the flowing 
water, litigation or worse at once ensued. At no time, however, were the commu- 
nities in the southern part of the State organized upon the old Indian and Mexican 
control involved in this dispnte. The prior appropriations had often, it is charged, 
attempted to monopolize the water supplies, not for their own or immediate use, out 
for speculative purposes, and as a lien upon the future. This gave some color of 
equity to the absurd demands for riparian rights, as at times these were sought to 
be exercised by small land-owners against the large appropriators of water and 
owners of great tracts of land. A few years since tne supreme court of California 
brought the subject of riparian rights to a crisis by deciding in favor thereof. 

As a result of this conflict, California has adopted a plan of co-operative or district 
control which bids fair to wisely settle all questions or water and its use, of irriga- 
tion, construction, and ownership, and of the methods and forces by which these shall 
be managed and paid for. This is embodied in several legislative acts known as the 
" Wright Irrigation District Laws." Under these acts the people of any drainage 
and arable area to be supplied by water from a common source, can, by obeying cer- 
tain legal requirements, form themselves into an irrigation district, having a common 
seal, the right to sue and be sued, to make, own, and control irrigation constructions, 
to issue bonds therefor and pay interest on them, to levy taxes, to meet indebtedness 
and maintain works, to regulate the use of waters and decide the cost thereof to the 
farmer and consumer, to condemn lands and water rights, and in short to do all things 
necessary for a civil organization. These acts have all been passed during the last 
four years. 

The constitutionality of the bonds to be issued liave been assailed, but were affirmed 
and sustained by the Suprerre Court. Since then, action under the district laws has 
been progressing quite rapidly. Some twenty districts had been organized at the 
time your committee was in California. The bonds of several had been successfully 
negotiated. Since then, at least ten more have been set up in operation, the larger 
portion being in southern California. The amount of bonds involved ranged from 
$6,500 in a San Bernardino district to $3,000,000 in the district now forming m Fresno 
County. The area so far included will be over 3,500,000 acres. Probably one-sixth 
of this area is already irrigated. 

Under the present system every water user first pays a royalty for the right to use 
of about $2,500, and thereafter an annual rental of $2.50 per acre. In condemning a 
ditch system, the district may under the law regard the royalties paid as compensa- 
tion, to their full extent, of the original outlay. They will pay, therefore, for the 
ditches on the basis of their annual rental values. The proposed new works will 
have no charges to meet other than those legally established for the payment of in- 
terest, the repayment of the bonds, and maintenance of the district irrigation works. 

As the area of reclamation grows larger each year, the annual taxation must nec- 
essarily grow much smaller to each individual. The cost under private or corpora- 
tive ditch systems will certainly exceed at the end of twenty-one years that of the 
district system, by the entire amount of royalty the private enterprises would have 
exacted. And when the district debt should be paid off, the small annual cost for 
maintenance and repairs would be all that irrigators would have to bear. 

EFFECTS OF lEBiaATION ON HEALTH. 

There is another and very important question to be considered, and 
that is as to the effect of irrigation on the general health. In California 
considerable attention has been paid to this subject, and in 1884 a report 
on the subject was made by the State board of health. There are con- 
flicting opinions in the report made by the board. In certain counties, 
as Ventura, Santa Barbara, San Bernardino, San Diego, irrigation has 
been employed for over a centuiy, and the absence of malarial disease 
is noted; as well where irrigation is pr^otise(l £|>9 where it is i^ot^i^ 
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Other portions of California show a mao^ked increase of malarial fever 
where irrigation is practiced. It is not difficult to discover the reasons 
for this, in Los Angeles and other valleys in extreme southern Cali- 
fornia, where the soil is, as a rule, sandy or gravelly loam of unknown 
depthy the water used in irrigatiug sinks into the ground or (on sloping 
surface) drains off immediately. It does not remain to saturate the soil 
uDless there be a stratum of clay (hardpan) near the sur(ace. In suck 
sections of the country there is almost entire freedom from malarial 
diseases Along the bottom lands of rivers, and where the slope is in- 
sufficient to insure good drainage, or where the soil is saturated con- 
stantly, the case is different, and there are intermittent and remittent 
fevers during the warmer seasons of the year. The fact that the peo- 
ple living in these low, wet sections of country are dependent upon im- 
pure or surface water for drinking and domestic purposes aggravates the 
difficulty, for it has been demonstrated that people living in a fever- 
and-ague country are tolerably exempt from the disease if they drink 
only pure water. 

From all portions of California letters from medical practitioners and 
other residents are in singular accord in saying that irrigation, when 
properly managed, does not produce any increase of malarial diseases. 

IBBiaATION AND FRUIT BAISINa. 

The state Board of Trade reported in a careful paper that: 

The pecaliar prodactlons of California is another reason why irrigation will soon 
be a great featnre in oar agricaltare. California is situated quite differently from 
any other Pacific coast State or Territory. Indeed, many of the productions of its 
floQ are peculiar to it. For instance, there are planted in California, according to 
authentic data, 50,000 acres in orange and lemon trees ; all these must be irrigated. 
Last year there were shipped East for sale 1,850 oar loads of oranges and lemons, 
and about 600 car-loads ware consumed at home. There arc over 20,000 acres of 
olive trees planted in California. Most of these are not bearing ; some of th^ni 
are; but enough are in bearing to show that this remarkable fruit grows here 
with wonderful luxuriance and bears abundantly. The olive thrivas nowhere else 
in the United States. Last year there were produced in this State 15,400 cases of 
olive oi!, and of the very be^it quality. There are 140,000 acres of land now planted 
in grape-vines in the State of California; and for the year 1888 there were produced 
18,000,000 gallons of wine, 20,500,000 pounds of raisins, and 1,000,000 pounds of dried 
grapes. These vines are the European varieties, which will not grow where the 
ground freezes ; and they are not successfully cultivated in any other part of the 
United States. Both onr wines and raisins are successfully competing with European 
productions. There are about 1,000,000 prune trees growing in California, outside of 
the acreage planted during the winter of 1888-^89. This most-needed fruit is not 
produced m the United Sfcatos except on the Pacific coast. 

In 1888 California produced 7,000,000 pounds of prunes, and it will be observed 
that there were imported into the United States for the same year, for consumption 
in America, over 70,000,000 pounds. In a very short time California will be able to 
supply the American market. There are 300,000 .fig trees planted in California, and 
the figs produced here are of the very best quality. The trees grow luxuriantly and 
thrive well. It must be admitted that it is of infinite importance to onr country to 
encourage the production at home of all these articles which otherwise we would be 
compelled to import. 

In this connection it may be added that California is a great nut-producing 
country ; the almond grows well and produces well. There are iiow over 25,000 acres 
of land planted in almond trees, and this acreage is yearly increasing. In 1838 Cali- 
fornia produced 180,000 pounds of almonds. The so-called English walnut is also a 
most valuable California nut, and grows well in nearly all sections of the State where 
the soil is deep or irrigation possible. No mention is made of the peach, the cherry, 
the pear, the apricot, the nectarine, the plum, or the apple. All these fruits are 
grown in California in such abundance that the mention of them seems unnecessary. 
Add to these fruits the whole berry family, conspicuous among them the strawberry, 
the blackberry, and the raspberry,' and we may well observe the unlimited capabili- 
ties of this State for fruit culture. igitized by GOC 
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Its report presents the following facts, among others: 

18 IRRIGATION ADVANTAGEOUS? 

The advantage of irrigation is twofold: first, the water is applied at a time when 
it win do the most ^ood, and when the ground is in such a condition that the grain 
or the fruit trees will get the full benefit of all the water that is run upon the land ; 
and second, where irriji^ation is practiced there are no droughts. In countries where 
there is ordinarily an ample rain-fall, the crops often fail by reason of droughts. This 
arises from the fact that the rain falls in vast quantities, but at nnpropitious times, 
when it does little or no good to the crops. 

In California, from about the middle of May nntil the last of October, we have no 
rains. During this period grain is harvested. 

The use of water is often more valuable for fruit growing than for small grains. 
We doubt whether the wheat fields of California will ever l^ irrigated, because fruit 
is more valuable and the irrigation of orchards is more readily accomplished than the 
irrigation of the small grains; and because, as a rule, in the great wheat-producing 
portions of California irrigation for the purpose of producing one crop or cereals is 
not necessary. But California is especially a fruit-growing country. Its adaptability 
to almost all kinds of fruit is peculiar. Perhaps no conntry in the world is its equal ; 
and in some of the great interior valleys of the State, and al^o in the foot-hill conn- 
ties, successful fruit growing can be made certain only by irrigation. With the 
orange and lemon irrigation is a necessity. Where orchards require irrigation it 
has been proved that to sustain the trees in their growth and fructification, water 
need not be put upon the land more than from three to five times during the summer 
and fall months. The practice is to ruu water in small ditches between the rows of 
trees through the orchard about once a month, commencing in June and ending in 
September. Then immediately after irrigating the ground, by allowing the water to 
flow through these small ditches, the practice is to put in the cultivator, stir up the 
ground anew, so that the evaporation will not be rapid, and the ground will not set- 
tle down and become hard. The land thus remains friable, and the trees grow 
with great rapidity. 

The orchards and vineyards in the coast counties and in central and northern Cal- 
ifornia have hitherto never been irrigated . W kere the size of the grape is an especial 
and important factor, like in the making of raisins, the irrigation of the vines is ad- 
vantageous, and especially where the vineyard is planted in very hot and dry situa- 
tions, like at Fresno and Merced. Up to this time no grape vines nor orchards have 
been irrigated in any of the counties of Santa Clara, Alameda, Contra Costa, Solano, 
Sonoma, Marin, or Napa, and the fruit trees and the vines grow there with great lux- 
uriance and produce abundantly ; and yet in each of these counties vegetables and 
the smaUer fruits, like strawberries, are now irrigated during some of the summer 
months. 

tAe amount of water necessary. 

There will not be required the same amount of water for successful irrigation 
in California as is used in India. In India it reijuires about 1 cubic foot of water run- 
ning every second to irrigate 200 acres of land to produce cereals. In Granada, ' 
Spain, where cereals are produced, 1 cubic foot of water running per second irrigates 
about 250 acres. 

One inch of water running continually irrigates in southern California about 10 
acres. Even less than this amount would be required iu portions of central and 
northern California. 

THE RESULTS OF IRRIGATION. 

Los Angeles and San Bernardino Counties are conspicuous illustrations of what 
irrigation can accomplish. Nothing can picture the change which has there been 
made by means of irrigation. A great plain which once looked like a desert is now 
covered with beautiful homes, surrounded with orange orchards and vineyards, 
dotted with towns and cities, which have grown up everywhere as if by magic. The 
}jopulation has more than quadrupled iu a single decade. Lands which sold ten^ears 
ago at from $5 to (25 per acre now sell at from $100 to $1,000 per acre, and these prices 
seem to be fixed from what the lands actually produce. Nor is this condition of things 
peculiar only to southern California. In Placer County water has for some years 
been used for the irrigation of orchards and vineyards there planted. It is impossible 
to describe the change thus created. Orchards of every variety of fruits, from the 
orange and lemon to the apple, and vineyards of every rare variety of grape, and 
nuts of all known varieties grown in semi-tropical climates, and the fig and the olive, 
all seem to flourish in the foot-hills of Placer County ; nor does the result in Placer 
County seem to be peculiar to that locality, for everywhere in the foot-hills of the 

Jigitized by v_ 
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Sierra Nevadas, where irrigation has been introduced, the result has been equi^ly 
sorprising. 

The foot-hill country about Oroville, in the county of Butte, where water has been 
introdaced, is no less conspicuous for its luxuriant tree-growth. Within the last 
four years 1,500 acres of orange orchards hare been planted, and these trees seem to be 
thriving well. The oranges are rich in color, luscious in taste, and attractive as to 
size. This is mentioned only to show the effect of irrigation upon both the foot-hill 
and valley lands of the State of California. 

More marvelous still is that section of country lying about half-way between the 
extreme northern and southern part of the State. Within the past few years a town 
has been bailt there, which has a population of over 10,000; the surrounding coun- 
try is cultivated in everything the farm can produce. Indeed, b^resno County is to- 
day the great raisin-growing center of the State, and nearly every variety of fruit 
grows abnndantly. There a beautiful orchard stands side by side with an alfalfa or 
grain field. Homes ante literally hid away by the remarkable ornamental tree-growth 
which irrigation has caused. Ten years ago the lands of Fresno sold at from $3 to 
$20 per acre ; now the same land with water on it sells at from $75 to $750 per acre. 
This is all due to irrigation. Kern County is another conspicuous land mark on tlie 
road to successful irrigation ; more than 80.000 acres of land is being irrigated in 
that county. The production is generally alfalfa. 

Everywhere in California during the summer months garden vegetables are raised 
by irrigation. In the fall, winter, and spring months in most parts of the State they 
require no irrigation, except such as they get from the natural rain-fall. So with 
strawberries; this fruit is universally irrigated. In Santa Clara County alone it is 
claimed there are 1,500 acres of laud cultivated in berries, all of which are irrigated ; 
and that there are over 500 acres cultivated in garden vegetables, which are also irri- 
gated. Even in northern counties like Napa, where the annual rain-fall is almost 
fiiree times as great as in some parts of southern California, strawberries, other small 
berries, and garden vegetables during the summer months are universally irrigated. 

lEBiaABLE AND STORAaE AREAS. 

Large areas of plain or bench lands, lying above the bottom lands of 
the river, are to be found in 'Shatsa, Teiiama, Butte, Colusa, and other 
Counties. They are all within reach of the water flowing down the Sac- 
ramento River and its lateral tributaries. Most of the streams emptying 
into the Sacramento from the Coast Range sink and disappear during the 
summer not far below where they debouch from the mountains into the 
open country; but at their sources there are large quantities of water 
that can be stored or impounded in the reservoir-sites that are avail- 
able. 

The irrigable lands of Lassen County, lying about 1,000 feet below 
these sources of water, are not far from 5()0,000 acres ; and east of these 
lands, in the State of Nevada, is an area of like extent. The lands are 
rich, sandy loam, productive with water, but comparatively Uvseless with- 
out. The climate of Honey Lake Valley is most delightful, l>eing free 
from excessive heat and not subject to very low temperatures. Here 
is a regioa of nearly or quite 1,000,000 acres of public lands that can 
not now be settled upon, but are nevertheless capable of sustaining a 
a^ge population. A rough calculation shows that in Eagle Lake there 
is stored enough water to irrigate 600,000 acres of land ; and at the 
head of Susan River comparatively cheap reservoir sites are available 
to store water sufficient for a half million acres more. North of this 
^gion lies Madelin Plains, a large area of good lands if irrigated. In 
Modoc County like areas are lying idle and useless, yet are capable of 
"igh cultivation and of sustaining a larg^ ^opvi^^^^^i^' 

Inyo County, Cal., is especially adan^ \ to irrigation, \)aTticular\y 
tuat part of it known as Uwens Valley ^^^ci\^\ OXawcba xo Wx^V^ead o€ 
Jouud Valley is 100 miles ; the whole of v ^ t \fttam^,a »^y'\V ^^ country 
from 4 to 6 miles in width, is susceptibl \\A^ .^^ri^i**^^^^^. ^^^^^^ ^t^^icom 
30(>,000 to 400,000 acres of land of ,^^ ^{ ^^sW t^ttV^^^^ n^>^^^^ ^^^^ 
bitterly worthless withoutthe use of w^^^V ^\\*%i:\^\^i^^^ ^v^^vms,^^ 
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engineers that the Owens River carries on an average, and daring the 
summer montlis, water enough to place at least a surface depth of 15 
inches upon an area of 300,000 acres of land, and this without prepar- 
ing catchment reservoirs. A large portion of this country is still a 
part of the public domain. Less than 12,000 acres of land are now 
cultivated in Owens Valley. 

In the extreme southern portions of California there is ample oppor- 
tunity for storage on a large scale. There is a difterence of opinion 
among engineers. Some think there are many basins and canons iu 
the mountains which are adapted to the purpose, and others think 
these, on most streams, are wanting. Most, however, agree that the 
bench lands furnish abundant opportunities for the construction of res- 
ervoirs. There are ar number of reservoirs of both kinds finished and 
in process of construction, of capacity varying from a few thousand to 
a billion gallons. One on Mormon Creek, in the rim of the San Fer- 
nando Basin, is of more than the latter capacity. 

The number of acres of good land which require irrigation are, south 
of the mountains, according to the State engineer's estimate, 460,900. 
North of the Sierra Madre range, Los Angeles County shares with 
Kern and San Bernardino in the great Mojave desert, so called. This 
desolate region contains many thousand square miles. Iu these three 
counties one-half of this is probably arid beyond redemption; one- 
half of the remainder is too rough and mountainous to be valuable for^ 
cultivation, but the remainder is mostly highly fertile soil, lying favor- 
ably for the application of water. Of this vast territory, Los Angeles 
County possesses 260,000 acres, which can be made to comfortably sus- 
tain a population of 100,000 people. 

It is stated that the lowest summer flow of the Mojave River is about 
5,000 inches. The average flow for six months in the year, the winter 
and spring months, is from 20,000 to 30,000 inches; during May, June, 
and July more than 10,000, and for the rest of the season more than 
6,000 inches. Of this the Hesperia Land and Water Company has tiled 
a claim of 6,000 inches. 

The land is mostly Government land, and the profits thereon would 
pay for enormous and elaborate works. Big and Little Bock Creeks, 
which debouch upon the desert plain at higher elevation, west of the 
Mojave River, are wholly within Los Angeles County. Their flow in 
winter is thousands of inches, and in summer is sufficient, as at present 
handled, to irrigate several hundred acres. Facilities for storage on 
t^ese creeks are as abundant as on the Mojave. The land below is 
still owned, for the most part, by the Government. The universal tes- 
timony is that it is as fertile as the best. It is covered with grsks^ and 
flowers during several months of the year, and is capable, under irri- 
gation, of producing the most luxuriant and profitable crops. Artesian- 
well boring has proved successful in places on the desert, but the ex- 
pense is of course greater than elsewhere. The region is one of the most 
healthful on the globe. Its hot, dry atmosphere is found congenial to 
many people. It is especially adapted to the production of certain 
crops, as the fig and raisin grape. It produces in some places as fine 
wheat as is raised anywhere, but to become habitable for any more 
tlian a few scattered families or small communities, it must have water 
to save its crops in summer. Value of irrigable land, $50 per acre; 
non-irrigable land, $1.16 per acre; the number of artesian wells in the 
region, seven, with an average depth of 340 feet and average flow of 
12 inches. The counties of Los Angeles and Orange have an area of 
4,812 square miles, or 3,079,080 acres. Their population is fully 150,000 
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mn\s. Without irrigation not one-quarter of this number would be 
living there ; and " this in spite of the fact that those two counties pro- 
dace more than one-half of the corn of the State almost altogether with- 
out irrigation ; that there are nearly 90,000 acres of good land that re- 
quire no irrigation.'' 

The land now irrigated is about 150,000 acres, and this is the basis 
of maintenance of 113,000 people, Theorotically, no increase- of this 
population is 'wanted without a correspondiug increase of irrigated 
lands. Factories and mineral developments, travel and transportation 
by sea and land, and the healthfulness and dclightfulness of the cli- 
mate, would add to the population; but the cost of living wouUl bo 
increased in pro|>ortion to growth, the homes of the poor would no 
longer be those of people wlio control their own destinies; and this 
would become a rich man's paradise — a tiling not to be desired. 

Ten years ago the population of the counties wjis little over 30,000. 
Fifteen years ago the land on which Pasadena now stands was held at 
$7 per acre; in seven years it was valued and sold in large quantities 
at from $500 to $1,000 per acre. . This wjus for orchards— ^not city lots 
—orchards made possible only by a supply of moisture for the roots 
of the trees during the long arid season of tlie year. So with the whole 
of the great foot-hill region along the base of the Sierra Mtwlre range 
from Tejunga and Crescenda Canada on the west through Altadena, 
Sierra Madre, Lamanda Park, Santa Anita, Monrovia, Dnarte, Ayusa, 
Glendora, Alosta, San Dimas, Lordsburg, Oucamonga, liialto, Ked- 
lands, and over the San Gorgonio Pass into the desert at Indio, and 
again at Riverside and Arlington, and [)laces too numerous to mention. 
The growth has been proportionate to the extent to which irrigation 
has been carried. The region mentioned Was almost worthless even for 
grazing purposes, and was as incapable of sustaining a population as 
the Mojave Desert itself. Now visit it and you will ftnd it the most 
charming region and the most valuable land in all California, or in the 
United States for that matter. 

GROWTH OP ENTERPRISE AND VALUES. 

In Fresno County there are 100,000 acres of land now irrigated; 
This estimate is made by Mr, George Manuel, a well-known civil en- 
gineer, but he adds : 

"It is somewhat difficult to draw the line between irrigated and 
nnirrigated lands, for the reason that the effects of irrigation by filling 
up the country affect and render fertile to a great extent lands lying 
contiguous to irrigated lands, but not themselves subjected to irrigation 
by the usual methods of application. Of this latter class of lands, ^ 
says he, " there are about 200,000 acres." 

Thus it will be seen that the 200,000 acres are an area double in 
extent of that which is actually irrigated, and is reaping the benefits 
without being subjected to any of the burdens of irrigation. Irrigation 
in Fresno County has heretofore been eariied on wholly by the private 
canal system. It is a voluntary matter by this plan with each land- 
owner whether or not ho will contribute anything towards the expense 
incident to the irrigation of lands. Hi^ lands may be surrounded by 
irrigated lands, and thus in a short tii^j^ ^bey become sufRciently irri- 

Sated by percolati6n; but he may and r\ pg tVecVine to bwy water where 
e can get it by absorption without. ;^^ fue diatnct p\'a,n this iniquity 
is overcome; and .every man who owv^^V ^ w\ tbat wU\ be benefited is 
compelled to contribute his portion oj> ^'^V^ ^pens^iucld^wt. U) the ays- 
tem, and gets in return all the watej y^^^^ *^&. ..Google 
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The following is the estimate made by Mr. Manuel of the amount of 
land in Fresno County which is now not irrigated, but whichJs irri- 
gable: 

Acres. 

(1) In Madera irrigation district, about 300,000 

(2) Under Chowchilla Canal, excluding about S,000 acres already irrigated . 60, OOO 

(3) Land lying above or east of Madera district, but which can be irri- 

gated by a branch of the main canal of said district (in Fresno County) 87, 600 

(4) Land lying above water in main canal of Madera district, but which 

is susceptible of irrigation by a system of storage reservoirs 38, 400 

(5) Land lying between San Joaquin and Kings Rivers, excluding about 

60,000 acres already irrigated, and which can be irrigated by existing 

works or their ext'Onsions 684,960 

(6) Land lying above or east of Enterprise ( 'anal, but which can be covered 

by storage reservoirs or branch canal taken out high up in the 
mountains 40,000 

(7) On west side of Fresno Slough, below Hall survey in Fresno County, 

which can be covered with extensive irrigation works 113, 000 

(8) In Sunset irrigation district above Hall survey, proposed to be irri- 

gated by a canal having levees:^ feet high at higliest point, and 

about 15 miles long, and which lie above Hall survey 190, 000 

{9) Between the 240 and 300 feet contour line on State engineer's map, 
which can be irrigated by canal taken from Kern River, or by water 
' pumped by water power as proposed by Sunset district in Fresno 
County 190,000 

(10) Land lying above the 300 feet grade lino in Fresno County on west 
side, which can only be irrigated by storage reservoirs on the streams 
flowing from the Coast Range 293,000 

Total 1,996,960 

Mr. Manual states further that — 

In 1870, in township 14 south, range 20 east, sections 1 to 5, assessed t-o W. S. Chap- 
man, at $1.01 per acre; section 36, at $1.13 ]»er acre: that made an assessed valua- 
tion of that township, in 1870, of a little over $25,500 in round figures. In 1880 the 
Bank of California tract, a portion of these twelve sections, at $4 an acre, a.nd Bank of 
California tract, 240 acres, at $5 per acre. C. A. Towne, section 2, adjoining Fresno 
City, at $5 per acre. C. H. Hoffman, section 12, near Fresno, at $r> per acre. E. 
Jansen, six sections near Fresno City, at $4 per acre. In 1888, A. T. Covell, in Wash- 
ington Colony, 5 miles from Fresno, 60 acres, at $150 per acre. Sections 1 and 2 and 
11 and 12 at $250 to $300 per acre, $250 per acre being about theaveratje for unim- 
proved land. And this increase in the value of land is due to irrigation. It is the 
same land exactly, only in different years, as irrigation has progressed. 

Sections 6 and 7, at $100 per acre ; section 19, at $75 per acre ; sections 5 to 8, un- 
improved, and from one-half to 1 mile from the city of Fresno, at $125 and $200 per 
acre ; sections 17, 18, and 19, averaging $85 an acre, and sections 23, 24, 25, and 26, 
at $75 per acre. That is the valuation of that township. The first assessment was 
$25,500 in round numbers, and the last assessment of the city, $6,800,000. And the 
total valuation of that township is probably in the neighborhood of $9,000,000. Con- 
cerning the value of irrigation, I know of one canal that was said to cost in the 
neighborhood of $50,000. The first year after its inception the increased value of the 
real estate along the line of the canal was $640,000— land that could before have been 
bought at $2.50 per acre had increased in value sufficient to make that valuation. So 
I could give other instances, but I suppose that would be sufficient. 

Mr. Thomas Hughes, well known as a real estate operator, also tes- 
tified that — 

In 1881 I purchased 7,000 acres of land adjoining the town of Fresno, agreeing to 
pay $40,000, and having 6 months to make the first payment of $5,000. I immedi- 
ately had circulars printed, offering to sell land, with water for irrigation, to parties 
who would piove on the land and improve in trees and vines, without any cash pay- 
ment. In this way I soon sold the most of this tract, and would borrow on my note 
with these mortgage notes as collateral security, getting about 50 cents advance on 
the dollar. I sold the land at prices ranging from $40 to $75 per acre. This gave me 
a surplus of money to pay what I was owing on the land, and money to make a small 
payment on the purchase of other lands, which I continued to do from year to year, 
until I was myself $350,000 in debt, and had mortgage notes due me to the amount 
of nearly $500,000 for lands in most cases sold on a credit of one, two, and three years, 
with interest at 10 per cent., payable half yearly. The settlers have all made their 
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places worth to-day from $200 to $1,000 per acre, and all have paid me in fall. I 
nave sold thousands of acres of land on these terms, and I have never been compelled 
to foreclose a mortgage in Fresno County. Men who will work can settle on irri- 
gated land, pay their 10 per cent, interest, improve the land, and pay for their land 
at prices ranging from $50 to $125 per acre inside of fonr years. And that, too, on 
land that before the irrigation system was started could not be sold for more than 
irom $1 to $5 per acre, according to location. 

In Tulare County much progress has been made in the work of irri- 
gation. The one criticism to be made on the work iu that section is that 
it is fragmentary and lacks uniformity and systematic methods. Irri- 
gation is consequently patchwork, but enough has been done to demon- 
strate the miraculous power of irrigation in the San Joaquin Valley. 

Mr. P. Y. Baker, civil engineer, for many years devoted to the work, 
says: '* There are about 15,000 acres irrigated in this county, and 
950,000 acres not irrigated. There are about 250,000 practically useless 
without irrigation. Of the above 950,000 there are perhaps 700,000 that 
produce some crops without irrigation, but very little of it produces 
fair crops. That is to say, one year with another, the ayerage would 
be so low that it would be a serious question of making a bare living 
on most of it. Experience has shown that the proximity of irrigation 
has added much to the productiveness of non-irrigated lands.'' 

In Merced County provision has been made whereby a considerable 
area of lands may be irrigated; but the acreage actually subjected to 
imgation is small. The Crocker Canal, which is said to have cost 
$1,500,000, is situated in this county, and will eventually be applied to 
a large area. The area of the plain lands which may be profitably irri- 
gated is large. So far as irrigation has become an accomplished fact in 
the Saa Joaquin Valley, it has been done through private enterprise. 
Under the district irrigation law of 1887 a number of irrigation districts 
have been organized, and by this means the irrigated area will soon be 
rapidly extended. Twelve irrigation districts are reported as organ- 
ized or in process of organization within the valley of the San Joaquin. 
The -total acreage involved is estimated at 2,000,000 ; the total amount 
of the bonds to be issued will not be less than $10,000,000. The area 
of the following irrigation districts can be given with accuracy : 

Modesto acres.. 106,000 

Turlock do... 176,000 

West Side do... 300,000 

Madera do... 330,000 

Alta do... 160,000 

White River do... 60,000 

Poso do... 48,000 

Sunset (proposed) do... 285,000 

Fresno (proposed) do-.. 300,000 

Total area San Joaquin VaUey 1, 767, 000 

The total area irrigated in the same section was given by State En- 
gineer in 1885, at 251,140 acres. This area has certainly increased one- 
fourth, and would therefore be not less than 313,670 acres. It is prob- 
ably nearer 350,000. 

LOS ANGELES COUNTY. 

The irrigable portions of Los Angeles County are embraced in the 
San Gabriel and San Fernando Valleys and the coast plain region. 
The San Gabriel VaHey is 23 miles in length, east and west, 11 miles 
in width, north and south, with a broad outlet somewhaWest ofi the 
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middle point on its southern side. It is but little less well-defined as a 
basin than that of San Bernardino. At the lowest i)oint on the higher 
side of the valley, next the mountain base, 11 miles north and 2 miles 
east, the elevations range from 625 to 075 feet. At the extreme north- 
west comer they are between 1,500 and 1,700 feet, and at the other ex- 
tremity of the valley, next the mountain's base, the plain is 1,000 to 
1,100 feet above the sea. 

Together with its mountain and hill-side catchment areas the San G-a- 
briel Valley embraces a territory about 5G0 square miles in extent. The 
mesa, benches, plains, washes, and bottoms composing the valley itself 
cover nearly 200 square miles, or about 123,000 acres. Of this amount 
about 92,500 acres are highly cultivable and productive lands, but re- 
quiiring irrigation. 

The San Fernando Valley occupies the western portion of the South- 
em California basin. It contains about 570 square miles. Of this area 
there about 100,000 acres of really good irrigable lands. The coast 
plain embraces an area of 1,472 square miles. Of the total, leaving out 
hills, marshes, wet land, and 68,000 acres requiring irrigation, there 
are about 270,000 acres fit for cultivation by irrigation. It is all below 
600 feet in elevation. 

The rule as to distribution of rain-fall, as affected by the mountain 
ranges, is emphasized in Los Angeles; the heavy dowu-pour is on the 
slopes of, and on the plains and bench-lands at the base of, the ridges, 
on the side next the direction from winch the storm clouds are brought! 

On the coast plain and elsewhere on the lower elevation the down- 
pour reaches about 15 inches per annum. In the San Fernando Valley, 
from other causes, it falls to about 11 inches. At the base of these 
mountains it rises to 15 again, and at Ravenna it falls to less than 11 
inches, though the elevation is 2,300 feet above the sea. But as the 
base of Sierra Madre is reached, the precipitation reaches 22 inches, 
though the elevation is but 700 feet. On the mountain bench-lands the 
rain-Ml is from 50 to 100 per cent, greater in the valley, but 10 miles 
distant and but 600 feet lower. 

Of the irrigable portions of this county, the San Fernando Valley and 
the coast plain are materially the driest sections, and the bench-lands 
and mesas, at the bases of the Cahuenga and the Sierra Madre, receive 
much the greatest rain-fall. San Gabriel Valley, as a whole, probably 
receives 50 per cent, greater rain-fall than does the San Fernando, and 80 
to 90 per cent, more than does the valley of San Bernardino. The rea- 
sons for these differences are found in the following facts: San Gabriel 
Valley has no high mountain range in front of it, and has a high range 
immediately back of it. San Bernardino Valley, notwithstanding the 
fact of the higher range behind it, has also quite a high range in front. 
San Fernando Valley has a moderately high range in front of it, and 
only a moderately high range behind it for more than half its length. 

The streams all lose their waters in the underlying gravels, within a 
few miles of their canon mouths, during fully eight to ten months (in- 
cluding the inrigation months) of almost every year. All but two or 
three of the larger canon streams do not, naturally, even bring their 
waters outside the canon mouths, for six months of almost every year. 
The waters are lost In bowlders and gravels, but they reappear below 
in the springs and cienagas of the Los Angeles Valley, or in those of the 
San Gabriel basin. There are two classes of streams, then, serving ir- 
rigation in this region — those which have their independent mountain 
drainage areas, and come to the interior valley tUiPOugh deep gorges or 
cafions, and then sink; and those which rise at the outlets of the three 
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main divisions of the interior valley, namely, the Los Angeles, Lower 
San Gabriel, and Lower Santa Ana Rivers. 

There are eleven principal groups or systems of irrigation, the San 
Gabriel and San Fernando basins being again subdivided into as many 
more. The description of San Bernardino works will serve largely for 
those of Los Angeles County. The artesian-well groups are numerous, 
and their economic use is an entire and extended success. Sub-irrigation 
by iron and cement conduits is a great feature, four systems alone using 
240,013 feet, of which 3,005 feet are of irou piping. There are also 
3,607 feet of cement canals. The cost was $275,000, $90,000 of which 
was for well-boring and water development. These systems belong to 
the Pomona group of fruit colonies. In practice, a fixed and uniform 
rate of 10 cents per hour for a run of water is charged, as a zanjenPs 
fee^ each time a head of water is turned on to an irrigator. The "heads '^ 
used in irrigation are 30, 45, and 60 inches in volume, but the rate 
charged is the same for all, so that the double volume afforded by the 
60-inch head costs no more than that afforded by the head of 30 inches, 
for the twenty-four hours. The actual cost of water to the irrigators 
per acre ranges between 72 cents and $1.92, and averages about $1.30 
per year. 

There are in Los Angeles County a large number of settlements made 
on the colony plan, and a more considerable area occupied by large and 
small ranches, vineyards, and orange groves. The water system, serv- 
ing the city and for domestic as well as neighborhood and irrigation 
use, is as topical as anything in the land, being based on the old Span- 
ish-Indian community plan, as modified by modern use and growth. 
The zanjas have a total service and length as follows : 



Open earth ditches 

Cement pipes or condnit . . . 

Iron pipe 

Wooden linme and tunnel. 

Total 



High and low service. 



Feet. 



140, 1S5 
91.490 
28,836 
15,000 



276, 361 



Miles. 



26.5 
17.3 
5.5 
8.0 



52.66 



This summary shows that the total length of conduits maintained by 
the city is 52.3 miles, of which li5.8 miles, or nearly 50 per cent., con- 
sists of tight conduits — wooden flumes, cement and iron pipe, cement 
or masonry-lined canals, brick culvert, etc. — and the balance consists 
of open caual and ditches of various kinds and sizes. 

There are 40 miles of ditches outside this system, but receiving their 
water supply from the city zanjas, making in all over 93 miles of con- 
duit, connecting with as many more miles of private distributory ditches 
and pipes. The cost has been during the past fourteen years about 
1300,000. 

The irrigation system of Los Angeles is under the direct control of 
the city council, from the heads of the zanjas on the river to the south- 
ern limits of the city, and from there on the distribution is managed by 
several associations of outside irrigators. 

The council appoints a general zanjero, or ditch overseer, and assist- 
ants, fixes the rates for sale of water, orders all zanja improvements 
that are made within the city, and maintains entire control over diver- 
sion from the river. In times past the council has apportioned the 
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water to the land within city limits at the rate of an irrigating head 
for twenty-four hoars to one acre for every thirty days. This was when 
the acreage irrigated inside the city limits was greater than it now is. 
This city allotment is now, however, a dead letter, as the inside irri- 
gators have more than they require, and the council has no concern for 
distribution of the water after it leaves the corporation limits. Every 
individual irrigator whose lands are inside the city bounds is allowed 
all the water he wishes to buy and pay for without restriction, and the 
surplus waters are sold to the outside associations. 

Outside the city limits the irrigators are organized in regularly de- 
fined districts on the extension of each zanja. These districts abut on 
the city, and when organized were considered to embrace all lands 
which could be reached by the spare water of the river. Some of them 
have been much extended, however, and in one or two instances sec- 
ondary districts subject to and buying water from the primary districts 
are found adjoining the latter. With the improvement of the zanjas 
and the diminution of cultivation within the city the irrigable area has 
extended year by year, and is now carried even beyond the secondary 
outside districts. The outside organizations are incorporated associa- 
tions of irrigators, which elect oflBcers, are governed by sets of by- 
laws, and appoint zanjeros, whose duty it is to purchase surplus 
water of the city and sell it to the irrigators, each of his own district, 
at a premium fixed by the association, which constitutes its compensa- 
tion. 

Water is sold by the irrigating head in measure of time. The rates, 
always subject to change, are at present in the city $3 per head per 
day (sunrise to sunset) ; $2 per head for half day (sunrise to noon, or 
noon to sunset), and 50 cents per hour. Current rates charged the out- 
side districts by the city are $5 per head per day, $3 per night. Single 
hour permits are not sold outside. These rates are 50 per cent, higher 
than they were two years ago. In 1880 the city rates were per day $2; 
half day, $1.25 ; night, $1.50. In 1873 they were $1.75 per day, $1.25 
per half day ; $1 per night, inside city limits. Outside they were $3 per 
day ; $2 per night. In 1870 in the city they were $1 .50 per day and $1 
per night from March 1 to October 1. After the latter date 75 cents 
per day and free at night. 

The area irrigated under this system is about 12,000 acres, of which 
nearly 3,000 is within the city limits. 

Engineer Hall mentions in his last report 250 different systems of 
irrigation works within the three southern counties of California; also 
18 different artesian water and well basins, the total acreage of which is 
large. 

SAN BERNARDINO OOUNTT. 

Mounts San Bernardino and Grayback are the culminating points in 
the topography of southern California. From them, trending south- 
east, start the San Diego ranges, which enter Mexican territory. Ex- 
tending west, the Sierra Madre ranges reach away over a hundred 
miles through Los Angeles and into Ventura County. Standing at the 
meeting of these masses the San Bernardino peaks are the highest and 
most commanding objects in the landscape, and play a very important 
part in modifying local climatic phenomena and regulating irrigation 
water supply. 

From the northwestern end of the San Diego range, or plateau, begins 
what is known collectively as the Coast Eange, extending northward 
into and beyond Los Angeles County. Its face to the sea is a sloping 
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plain or mesa. East of this range and between it and the Sierra Madre 
lies the smaller counterpart of the great San Joaquin Valley to the 
north of it. From the coast to the San Bernardino Peak westward is a 
distance of 110 miles. Broken by two small, low groupings, it com- 
prises the most valuable fruit region of the State. Within this iirea 
will be found at least 100 colony towns and villages; the growing and 
prosperous city of Los Angeles, and a population of over 250,000 ]>er- 
sons, all of whose prosperity depend upon irrigation. In Lo8 Angele^s 
County the coastwise mesa becomes a broad alluvial plain. Engineer 
Hall, in his volume on irrigation in southern California, says: 

North from the Sierra Madre chain stretches away to the Sierra Nevada mountains, 
a distance of over 50 miles, and from the Colorado River on the east to the 8iiuta 
Barhara Mountains on the west the desert plain of the Mojavo, comprising an area 
of 15,000 to 16,000 square miles. On this hroad plateau there ar<5 extensive tracts of 
rich soil; )>ut from the want of rain they are barren, and from the absence of wafer 
supply tliey are, except in very limited localities, non-irrigable. Tlie Mojave, tlien, 
is not, save in a very much restricted sense, a part of the irrigation field present or 
prospective, 'although locaUy irrigation flonrisnes there and many small utilizations 
of water remain yet to be carried out. 

It is the Sierra Madre range of southern California which, passing 
through Los Angeles and San Bernardino counties, constitutes a mount- 
ain wall, that, intercepting ocean breezes and storm clouds, precipi- 
tates their moisture upon high and rugged peaks, thereby regulating 
climate and making possible that high degree of cultivation wbicb is 
necessary for successful horticulture. 

The effect of an intercepting mountain range upon rain-fall is most 
distinctly marked in this region. The San Bernardino section offers nt> 
gradations as in San Diego. The clouds drifting inland from the sea 
are broken on the summits of the Sierra Madre and precipitate their 
contents upon its bald slope. They cover the crest with snow, and 
send great rains down the western slopes in heavy torrents. Tho val- 
ley below will have a rain-fall of barely 8 inches per annum. The 
mountain peaks and spurs above will receive from 70 to 100 inches in 
the same period. The slopes are exceedingly steep. 

The accumulation of vegetable molds and soils, which are recognized 
as water-holding, are limited in extent. In an earlier geological era 
the rain-fall was immensely greater. Vast mountain torrents in those 
days poured through the canon, carrying great masses of bowlders 
before them. The operation of tbe forces thus created have made deep 
bed-rock cuttings that are now filled with masses of broken matter. 
Into these flow and disappear the waters that pour from the mountains 
above. In this wise the artesian waters of the San Bernardino basin 
are collected. 

The Santa Ana Kiver, with an independent mountain area drainage 
of 220 square miles, is the main surface drain of this irrigable region 
and also its chief irrigation feeder. There are some twenty smaller 
and tributary creeks, cations, or washes. In addition to these drainage 
areas the northern face of the San Bernardino range is drained by the 
Mohave River. The basin slope from east to west is about 26 miles in 
length, and comprises 120 square miles in all. Its future importance 
in irrigation is considered large. At present it is lost in the sandy 
waste 40 miles from its source. Engineer Hall classifies the San Ber- 
nardino lands as follows: 

(I) Tho wet and marshy lands of the San Bernardino and Rincorn artesian basins, 
and the Chino ; (2) the moist and serai-moist lands bordering? the wet lands of the 
Rincon on the north, and borderinjj those of tho San Bernardino on the north and 
east ; (3) the moist bottom-lands bordering the Santa Ana River in its course through 
the Jorupa from the upper to the lower basin ; (4) then, going to the other extreme. 
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the bone-dry red mesa lands, which fringe the entire valley more or less complet^y; 
(5) the bowlder and cobble-filled alluvions^ which furui the ancient dnnips of the 
cafion creeks, and which, along the base of the main raonntain range, to a great ex- 
tent take the place of the red mesa lands ; (6) the intermediate plains— dry, sandy, 
frequently gravelly, and with broad <* washes'' in parts, bat in others with fine, 
light, rich, and deep soils. 

The topographical features of the basiu, with its great slopes in the 
groand sartace ranging ft^om 30 to 120 feet per mile, rendersimpossible 
any system of irrigation by ^' cheeks,'' such as is practice4l in the San 
Joaquin Valley, It also compels the grouping of irrigation works and 
areas, deriving their supplies from limited and distinct sources. Three 
of these groups, embracing a large number of small works, obtain their 
supplies by diversions from the Santa Ana Bi ver or its main tributaries. 
Four other groups are fed from mountiiin canons, the waters in which 
are derived mainly from subsoil supplies in the strata already described. 
Other groups obtain water by means of artesian wells, by tunnels driven 
into the mountain and securing thereby the drainage waters by lifting 
the sub-water of the cienagos or wet plains, or by other sub-dam works^ 
raising to the surface supplies that would otherwise be lost. It is esti- 
mated that the great storage project of San Bernardino County, the 
Bear Valley reservoir, will very materially change the irrigation possi- 
bilities, or greatly enlarge the area of laud under cultivation. 

The value of water has enormously increased. The North Fork 
Water Company, which is under guaranty by the Bear Valley Reser- 
voir Company, sold in 1865 at the rate of $30 per share, the water being 
valued at $18 per inch. In 1880 the value per share was $50, and that 
of water $26.40 per inch. In 1885 the value per ineh of water was $360, 
and in 1888 $720. In another enterprise $40,000 is reporter! to have 
been paid for perpetual right to one cubic inch of water. The South 
Fork Canal valuation is given at $6 per miner's inch in 1872, and at 
$615 in 1887. 

The different sources of supply, and the character and extent of areas 
served, compel as great a variety in the systems of distribution. One 
of the most notable of these systems is that miuie by tunneling into 
the mountain canon walls and securing the drainage waters that pass 
through them. At Eedlands, one tunnel delivers about 30 miner's 
inches, another about 130. The Ontario Colony enterprise, whose en- 
gineers, the Chaffee Bros., have since become known «ll over the world 
by their connection with great Australian projects, is the most famous of 
these tunnel works. 

The water company at Ontario, after conserving all the surface sup- 
ply by means of cemented canals and underground pipeline, have 
driven a tunnel into the gravel and bowlders of the canon bed a dis- 
tance of 2,850 feet. ^Nowhere in the world is the duty of water so high 
as at Ontario. The supply is less than 800 miner's inches i>er annum, 
of which the tunnel will furnish from 50 to 60. The whole distribution 
is conducted through cement pipes. The work of distribution is in 
charge of a zanjero, or waterinaster, who delivers water to each irri- 
gator in heads of thirty inches for twenty-four hours each thirty days, 
for each ten acres ownexl, which is equivalent to a continuous flow of 
one inch to ten acres. The secretary of the company and the zanjeri) 
are the only regularly paid employes, but laborers are at times em- 
ployed to work under the zanjero^s direction in caring for and repair- 
ing the works. The cost of assessment for maintenence has not ex- 
ceeded, so far, more than 70 cents per acre. The <luty of water is 
claimed to range as high as one incli to ten acresj it is probably about 
one inch for seven acres. igiti^ed by Googk 
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The Riverside Colony enterprise and its associates are the most 
prominent and best known of the fruit colonies in southern California. 
The works of the Eiverside Water Company consist of three main canals 
and diversions, an extended irrigation distribution system, and a main 
pipe-line, and branches for the delivery of water, chiefly for domestic 
purposes. 

The supplies are derived from the Santa Ana River and Warm Creek, 
and from an extensive system of artesian wells. The canal works are 
thoroughly constructed, provided with 2,400 feet of main flume, dams, 
head-gates, waste-gates, regulators, measuring- boxes, etc., having a 
total length of 33 miles of main canals and 50 of laterals. The areii of 
Riverside proper is about 7,000 acres. With other and adjoining enter- 
prises, the total area in the Riverside group will be 25,000 acres. It is 
the largest single orange-growing section in the State, and is second 
only to Fresno for raisin vineyards. In 1870 the land was assessed at 
75 cents per acre 5 every acre of it will now average from $800 to $1,000. 
Originally begun as a land colony or co-operative enterprise, the ))ro- 
jectors designed to keep the water supply separate as a continued 
source of income. Great dissatisfaction followed that plan. The land 
and water supply now go togrether. The entire cost of works within 
the old colony bounds, including legal expenses, is about $500,000. 
This does not embrace the domestic pipe-line supply. The cost of 
maintenance is about $30,000 per annum. There is a deficit between 
receipts and expenditures, however. The number of irrigators is about 
four hundred J acres owned by them, 6,500. The average holding is 
16.12 acres ; the highest acreage in one holding is 196. The cultivators 
of citrus trees is 360 ; number of vine-growers is 260. The average 
irrigated holding is 15 acres. 

SAN DIEGO COUNTY. 

The extreme southern division of California is one of the most re- 
markable of the arid areas within the Union. Along its eastern 
borders for a hundred miles or more flows the Colorado River, whose 
turbid waters drain from the heart of the continent. In comparison 
with all other watercourses it is a mighty flood, the greatest river 01 the 
Pacific coast, the Columbia alone excepted, flowing on undisturbed 
to the sea, past a vast desert which now challenges the power of man 
to utilize it. Nearly all of California that slopes toward the Colorado, 
and drains into it, if there be any drainage from a region so seldom and 
so sparingly visited by rain, is an absolute desert, within whose limits 
is included nearly three-fourths of the entire area of San Diego County. 

The remainder contains the arable portion. A series of mountains 
separate it from the desert; their axes are generally parallel to the 
trend of the coast and distant from it 60 to 80 miles. These mountain 
masses, looked at from sea, do not Ibrm a contiguous high chain or 
range, but a succession of peaks and ridges along the upper margin of 
a sloping plateau. This reaches an altitude of 4,000 to 5,000 feet, and 
the peaks and spurs maintain an elevation of 6,000 to 0,500 feet, and in 
one instance, that of San Jacinto Mountain, nearly 12,000 feet. 

San Jacinto descends without a break to the edge of the desert 
basin, whose center is over 300 feet below sea level. Towards the 
ocean, the slope is gradual and open valleys are met with whenever 
the contours permit. The coast line is marked by a broad mesh or 
plain rising from 50 to 200 feet in the first mile, and continuing from 
5 to 15 miles until it reaches an altitude of 5,000 feet, where it blends 
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into the ranges. Immediately beyond and generally lower in elevation 
will be found a series of land locked-valleys drained by separate water- 
ways that cut their courses deeply to the sea. These valleys are be- 
coming the seat of important irrigation enterprises. The mountain 
landscapes to the east are more attractive and gentle in outlines than 
those of the Sierra Madre in Los Angeles County or the more ragged 
aspects of the San Bernardino range. San Jacinto rises to an altitude 
of 12,000 feet, and by that fact compensates for an extreme aridity 
produced by the intervention of other mountain ranges to the south 
and west, which break the course of the rain clouds. The precipita- 
tion on San Jacinto, owing to its heavy snows and the lateness of their 
melting, maintains the flow of streams and springs by which the plains 
are in a large part supplied. 

The streams which drain the western slope of the county seldom flow 
continuously to the sea during the dry months of summer and fall. The 
volume of their flow depends, in each case, not so much on the area as 
on the altitude of their water-sheds. Precipitation over the country is 
in a marked degree proportional to altitude; least upon the coast, great- 
est upon the mountain tops. This rule of proportion is very potent iu 
its effect upon irrigation water supply. 

The country is naturally divisible into three rain-fall belts, the first of 
which comprises all the mesas and valleys adjacent to tlu*> coast below 
an elevation of 1,000 feet, and covers an area of about 1,113 square 
miles. Within this belt are by far the greater portion of lands irrigable 
that require irrigation, and the greatest area which is generally free 
from frosts. The jain-fall in this belt is unreliable in character, sub- 
ject to great fluctuations, the records showing that thirteen years out 
of twenty-three the rain-fall was less than 10 inches, and during five 
years was less than 6 inches per annum, while, with one exception, it 
never exceeded 16 inches. The effect of altitude is made quite plain 
by the fact that at Poway, 550 feet elevation, the precipitation in 6 
years shows an annual average of 17 per cent, greater than on the coast, 
while at a further elevation of 200 feet more this rain-fall was 42 per 
cent, greater than at San Diego. 

The second belt, an area about 1,400 square miles, has an elevation 
of from 1,000 to 3,000 feet. The rain-fall is estimated at from 18 to 24 
inches. Ex-State Engineer Hall, who is the authority for these state- 
ments, puts the rainfall at from 14 to 20 inches per annum. 

The third belt, lying above an altitude of 3,000 feet, has a climate 
similar to that in some of the Southwestern States, except that summer 
rains are very rare and light, and the snows of winter not so deep nor 
long-continued. Its area is about 1,654 square miles, of which, perhaps, 
three fourths is less than 4,500 feet in elevation. There are many fer- 
tile valleys, heavily-wooded slopes, and a small area of commercial 
timber within its borders. The rain fall of this section is often in ex- 
cess of its tillage duty. It is in this region that the great storage res- 
ervoirs must be constructed. The larger streams of the coast all head 
in it. There are eight of these in the county of San Diego having a 
total water-shed area of 3,567 square miles. In the first belt the water- 
shed is 630, in the second 1,282, in the third 1,655 square miles. The 
higher part of the mountain plateau and northern slopes of its ridges 
and peaks are wooded with varieties of pine, oak, and madrona. The 
upper canons and valleys have sparse growths of oak, laurel, aspen, and 
madrona. The main ridge^s and frequently the northern slopes and 
lesser spurs are covered with dense low growth, commonly known in 
California as chaparral or chemisal. Along the streams — in the me- 
dium range of valleys— there are growths of cotton wood and willow, 
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principally; and along the main streams and on^^tlie sandy bottom- 
lands adjacent to them, similar vegetation abounds, in some- places 
quite densely. 

But the entire coast mesa, the broadest parts of the river valleys, 
the large valleys just within the line of the mesa formation, the greater 
portion of the plateau region, and a considerable portion of the mount- 
ain ridges are treeless and devoid of vegetation, such as is generally 
thought to conduce to the conservation of waters for the supply of 
streams. The light rains are all absorbed; and up to a point where 
the ground becomes well saturated there is but a small flow of sur- 
face drainage water finding its way to the rivers ; but when this point 
of saturation is reached, then a large proportion of the waters of pre- 
cipitation are shed off, and torrents form, which rush to the main 
drainage lines, and contribute to sudden and excessive freshets in -those 
streams, carrying great loads of sand and finer sediments. The rains 
ceasing, and there being but a small amount of snow to melt, on a 
limited mountain area, the streams soon run down. 

For reasons given heretofore, there are no large springs or areas of 
summer drainage of living waters. This, then, is a country where, in 
the aggregate, an amply sufficient rain-fall may be had to supply an 
abundance of water, but where, for the most part, it runs uselessly 
away to the sea. It is preeminently^ a country where the stx)ring of 
water on a large scale is necessary to maintain any ^reat irrigated area. 

The irrigation systems practiced in San Diego County comprise the 
simplest known, being such as the Indians and Mexicans are accus- 
tomed to, as well also the most scientific and thoroughly well organized 
X)lans known to irrigation engineering. Several of the largest reservoirs 
that have been constructed are now in operation. Flume projects have 
been completed or are under way involving daring irrigation engineer- 
ing. The reclamation of the irrigable territory of San Diego County, 
comprising an area of at least 450,000 acres, depends upon the degree 
of success with which the waters of six streams and the storm supplies 
above may be.conserved by extensive reservoir systems. These rivers 
are the Tia, Juana, with five small valleys; the Sweetwater, with the same 
number; the San Diego, the San Diequito, and the San Luis Rey, with 
three valleys each, and the San Jacinto, with the Hemit Valley. In the 
first drainage system eight reservoir sites have been selected, with two 
great conduit flues connected with them. The Otay River projects 
comprise two large dams and reservoirs, having a capacity of 1,100,000,- 
000 gallons. 

The Sweetwater River system is the most extensive of all. Mr. Hall 
says : 

The engineering^ works would be notable in any country, and the lesson which the 
enterprise is working on fc on the subject of large storage reservoirs for the conservation 
of winter water for sutnmer irrigation in this dry country is already highly instruct- 
ive. It is now looked to with sat sfaction by San Diegans as a type of what may 
be accomplished, under even unfavorable circumstances, upon nearly all the streams 
of this region. 

The Sweetwater dam, a short distance above National City, is one of 
the boldest pieces of engineering in the country. The dam is con- 
structed as a crown arch, and it is the largest of its character in the 
world. 

The San Diego Flume Company proposes a system which, when com- 
pleted, will consist of a storage reservoir, a diverting masonry dam, 
and a line of flume 36 miles in length. The method of distribution will 
probably be by pipes under pressure or by pipe cement channels. The 
Guyamaca reservoir, 43 miles northeast of San Diego, covering 1,000 



32 IRRIGATION m THE UNITED STATES. 

acres aud having*a full capacity of 490,880,930 cubic feet, is tlie chief 
dependence of this system. The divertin^r dam has a maximum height 
of 34.5 feet and a length of 447.5; the width of base is 18 feet and the 
top is 5 feet. The flume has a full length of 36.0 miles. The main pipe 
line will have a length of 9 miles. A branch pipe will be 1 mile in 
length and enter the main city reservoir, which has a capacity of 761,- 
000,000 gallons and covers 100 acres. The cost of these works will be 
a little less than $1,700,000. 

The Mission Valley Storage and Delivery Works will embrace eight 
reservoirs having a total storage capacity of 9,002,000 gallons. The San 
Diequito system will consist of a reservoir with masonry dam 80 feet 
high, 400 feet long on the crest, 170 on the bottom, with a capacity of 
about 3,000,000,000. There will be a second reservoir, with a ca])acity 
of 2,000,000,000 gallons, connected by an iron pipe of 30 inches with the 
upper one. The San Luis Key flume provides for the constructiod of a 
mammoth reservoir dam, a canal from the canon of the river some miles 
below, extending about twenty miles along the mountain and rolling 
hill-sides south and west of the river, and a secondary storage reservoir 
at the terminus of the canal in Bear Valley at an elevation of 1,300 feet. 
From this commanding elevation, but 20 miles from th^ sea at the 
nearest point, and 35 miles from the city of San Diego, the territory 
that may be served is only limited by the supply of water available. 
Pipe lines are projected in various directions. The main conduit drops 
into this secondary reservoir with a direct fall of seven hundred feet, 
and the utilization of this water-power and transmission by electricity 
to points of use are contemplated. 

The Temecula Oaiion storage reservoir will have control of 800 inches 
of running water besides its storage capacity. The same will be dis- 
tributed by means of 10 miles of flume and 2 miles of iron pipe over a 
considerable irrigable area. The Hemit Valley system is quite exten- 
siA^e ; its principal reservoir will be at an elevation of 4,300 feet, 20 
miles above the town of San Jacinto, and in a most favorable location. 
Its largest reservoir surface will be nearly 600 acres and its capacity 
will then be about 6,000,000,000 gallons. These comprise the modern 
projects and* systems west of the Colorado Desert, in San Diego County. 
There is a considerable area served by the old style, neighborhood 
ditches, and by means of wells from which the water is lifted by wind- 
mills. In the desert itself, at the eastern base of Mount San Jacinto, a 
town has been laid out and 6 miles of railroad constructed to connect 
with the Southern Pacific at the Seven Palms station. The flow of the 
White Water River is appropriated, and some 200 acres are laid out in 
orange trees. This is in the desert region proper, and it is probably 
the forerunner of many similar, projects. That any extensive scheme 
for the reclamation of the desert as a whole will be attempted for many 
years is hardly probable. 

THE STATE ENOINEEE^S OFFICIAL DATA. 

The following summary was made by Engineer Eall in 1888, and 
presented to the United States Senate Special Committee on Irriga- 
tion in the summer of 1889 : 

Area irrijated in San Diego County, 1888. 

Acres. 

San Diego and San Dioquito Rivers 360 

San Luis Key River 480 

San Margurita River 312 

San Jacinto River .«». -« 965 

Digitized by VjOOQ I^^ — 

Total... .Cl, 2,117 
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Area irrigated in San Bernardino County^ 1888. 
Santa Ana River irrigations: 
Santa Cafion : 

Group 

Basin diversion : 

Group Riverside Mesa subgroup 

South side Santa Ana subgroup 

Warm Creek subgroup 

Lytle Creek and City Creek subgroup 

North side Santa Ana subgroup 

Jurupa Valley group ,, 

Kincon group : 

San Bernardino Valley irrigations: 

South CaQons group ,.. 

North Cations group , 

Cuoamonga Plains irrigations : ^ 
Cucaniouga Plains group 



Acres. 
4,435 

7,686 
799 

1,353 
384 
881 

1,202 
933 

1,466 
1,590 



Total for all groups 

Area irrigated in Los Angeles County, 1888. 
Cncamonga Plains irrigations : 

Pomona group 

San Gabriel Valley irrigations : 

Sierra Madre Cafions group 

San Jos6 subgroup 

San Gabriel River subgroup 

Santa Anita Riversubgroup 

San Pasquel subgroup 

Basin group 

San Gabriel and San Fernando group 

San Fernando Valley irrigations: 

San Fernando group 

Los Angeles Valley and Coast. Plains irrigations: 

Los Angeles group 

Coast Plains irrigations: 

Cahuenga-Ballona group 

Lower San Gabrielgroup 

Lower Santa Anita River group 

Santiago Creek group 

San Juan Capistrano group ..., \ 




Acres. 
5,375 



225 
5, 150 

•:^o 

765 
7,590 
1,550 

4,875 

13,987 

1,535 
15,600 
21,000 

2,100 

800 



Total for all groups 80,902 

Area irrigated in the three lower counties, 1888. Acres. 

San Diego County _. 2,117 

San Bernardino County 26,070 

Lo8 Angeles County 80,902 

Grand total 109,089 

This area has iacreased by at least one- third since 1888. 

Sources of and areas irrigated in the San Joaquin Valley. * 
{Summary for 1885.] 



Supply from— 


Name of canals. 


Irrij^ated 
area. 


Kern River 


Kem River canals 


Acres. 
63,365 


PosoCreek 


Poso Creek canals 


400 


Deep Creek ... 


Deer Oreek canals ........................... 


1,635 


Tule River 


Tule River canals 


8,075 


Kaweah River 


Kaweah River canals ....-....*.... 


33, 371 


KinjM River 


Kings River canals 


09,571 


San Joaonin River . 


San Joaauin River canals ....................... 


31, 795 


Fresno River 


Kresuo River canals -. ......................... 


5,766 


Chowchilla River 


Chowcbilla River oanals - 


890 


MercedRiver 


Morced River canals 


5,946 


Tnolnmne RivAr 


Tuolumne River canals _......................• 


50 


Stanislana River 


Stanislaus River oanals ..........•.>•••.....•..• 


184 


Jiokelamne River ............... 


Mokelumne River canals 


112 








Total 


251, 140 




Tn^iz^^'h-XjOn 





* The area has been increased by at least one-third. 
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PRODUCTS AND THEIU VALUES. 

California is e»«timated to now have a population of over 1,200,000, 
of which one-third is found within tl»e seuji- tropical -and southern por- 
tions of the State. Another third or more is found in San Francisec^ 
Ten counties will contain over one-half the population. 

The iminij^fration increase in 1889 was 30,557. 

In 1881) tlie California wheat product was 42,000,000 bushels. 

Vahioof wboat $32,000,000 

That of fruit 16,000,000 

Barley D, 000, 000 

Cereals uuHpecifiod 7,500,000 

Wiuoand bramly 8,000,000 

72,500.000 
Out of a total of raw iiroitncts that iiichide gold, silver, coal, etc 144,704,000 

Tliis leaves a balance of 72,204, 000 

The entire agricultural i^roducts of California since 1848 have been 
as follows: 

Wheat $732,000,000 

Dairy 200,500,000 

Barley 184,000,000 

Wood 161,000,00(J 

Fruit 106,000,000 

1.383,500,000 
California— ISSi-'Ud. 

Acres. 

Area of oranges 50, 195 

Area of lemons 3,015 

Area of raisin grapes 20,000 

It is in the great diversity of altitude and precipitation that the 
irrigation needs of California and thja means of supplying them are 
found. StoraiiC in the mountains and good engineering in the way of 
distribution will add enormously to the irrigable area of this wonderful. 
State. Every system of water usage and distribution cau be found 
therein ; its practices illustrate the primitive wastefulness common to 
early irrigation, and the remarkable economy in the use of water which 
inteiisive farming and horticulture have already produced in the ex- 
treme southern p »rtions of the State. Nowhere else in the world, 
except Madeira, portions of China, and Central Asia, has the " duty of 
water'' been so thoroughly extended. As a consequence the price of 
laud, the cost of water, and the security of crops have all grown in a 
steadily increasing ratio. Within twenty years land which the owner 
protested against being taxed at 75 cents per acre has been sold and is 
now selling at from $500 to $1,500 per acre. On the tract referred to 
more people are su])ported per acre and in greater comfort than else- 
where in the world. 

The areas of fruit-producing lauds on which this occurs are small in 
extent at present, though they are quite numerous. These areas may 
be greatly increased by proper systems of water storage. They may 
be largely added to by the re-storation and conservation of the under- 
ground supplies so steadily fed by the neighboring mountain drainage. 

It is diflicult to make anything like a close approximation of the re- 
claimable ' area of California. With the water "in sight '^ certainly 
12,000,000 acres will be a low estimate. Water storage on a grand 
%Qale, such as the conditions warrant, will insure the reclamation of ^t 
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least 20,000,000 Ucjres. A lar^o proportion of whatever area may h6 
reclaimed will necessarily be devoted to the raising of products pos- 
sessing a Uigli market value. Its fruits are among the best in the 
world. It bids fair to become the successful rival o^* the oldest wine- 
growing and wine-making lands ; its nectarine, prune, grape, and orange 
are already found in the markets of the world. The olive, lig, lemon, 
date, and other semi- trojncal fruits are fiist becoming of great commer- 
cial importance. Nearly all these products are the direct results of 
irrigation, and they are all benefited by its judicious use. There were 
1,537,000 fruit-trees report«'<l la th(». State at the l>eginning of 1890. 

The enormous addition to the wealth of the State and to the com- 
mercial prosi>erity of the whole country, which is the direct result of the 
high culture produced by irrigation, warrants a close attention to the 
united appeal of the i>eople of California for such a survey of the public 
lands remaining therein and of the State's capacity for water storage 
as will insure to them that accurate knowledge which enterprise and 
investment require in the conduct of great affairs. 

TAXABLE VALUES OF CALIFORNIA, 1879-1889. 

A careful tabulation of the assessment valuations in some of the 
counties of the State illustrates very forcibly the great increase of wealth 
produced by the practice of irrigation. It must be borne in mind that 
the figures given are not over 50 per cent, of the real values. 



Group No. I. — Counties enriched by irrigation. 
[Total taxable values.] 



Counties. 



Fresno 

Kern 

Los Angeles 

Merco<l 

Orange 

San Bernardino . 

San Diego. 

San Joaquin 

Stanislaus 

Sacramento 

Solano 

Tulare 

Yolo 



Total. 



1879. 



$6, 
C, 
10, 



102,516,281 



18^9. 



f 35. 387, 
11, 8;)1, 
84, 370, 
14, 146. 
1», 270, 

23, 207. 
31, 5(;o, 
38, 802, 
15, 5tf4, 
34, 46i, 

6, 960. 

24, 343, 
20,911, 



350, 922, 885 



Increase 1889. 



$29, 

r>, 

C8, 

8, 

«, 

20, 
28, 
21, 

0, 
10, 

4, 
19, 
10. 



032, 787 
826. 320 
(07,670 
838, 600 
963, 067 
690,982 
0:i4, 265 
425, 477 
361,636 
047, 836 
314,«40 
138,236 
733,898 



248, 405, 414 



Orange County was not formed in 1879. It was t'len part of Los Angeles County. Tlie ratio esti- 
mated for increase is on one part in 1870 to tour parts in 1889. 

Group No. II. — Counties inci'easing in irrigation activitg^ 
[Total taxable values.] 



Counties. 



Butte 

Colusa 

Lassen 

Inyo 

San Benito 

Shasta 

Siskiyou... 

Sutter 

Tehama ... 
Trinity ..., 
Yuba 

Total 



1879. 



$10, 743, 426 
12, 420, 508 
1,230,764 
1, 353, 300 
3, 947, 728 
1,:»61,436 
2,651,367 
4, 120, 451 
4, 199, 998 
868. 496 
4,293.630 



I 



47, 791, 104 



$20, 730. 252 

24, 365, 995 

2, 527, 449 

1,548,695 

0.332,911 

6,594,003 

0, 966, 007 

19, 079, 8G8 

11,901,255 

1,153,344 

7, 046, 316 



99, 246, 095 



Increase 1889. 



986, 826 
945, 487 

396. 685 
185,395 
:j85k 183 
632, 567 
3(4,640 
959, 417 
701, 257 
284, 848 

752. 686 



51, 544, 991 
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Group No. III. — Foot hill counties partially irrigated. 
[Total taxable valnes.] 



Countiea. ^ 


1879. 

$2,468,642 
1,871,850 
2,312,690 
1, 295, 048 
6, 305, 090 
5, 774, 860 
2, 115, 173 
1, 596, 015 


1889. 


Increase 1889. 


A.inador ... .............................................. 


$4, 281, 969 
4,315,461 
3, 870, 887 
1.840.641 
6, 926, 218 

10, 118, 060 
2, 309, 441 
2,716,466 


$1, 813, 327 

2,443,611 

1,567,297 

554,593 

621 128 


Calaveras 

Bl Dorado . ... .... 


M^aripoaa . . ....... ...................................... 


Nevada 


Placer 


4,343,200 
194 268 


Plutoas .. .. ....................................... 


Tnolumne .. .. ......................................... 


1,120,450 




Total 


23, 739, 268 


36,397,142 


12,657,874 





The bay counties of San Francisco, Alameda, Contra Costa, Marin, 
San Mateo, Sonoma, and Napa present the following comparisons : 

Valuation in 1879, a total of 1^33,146.966 

Valuation in 1889, a total of 449,992,603 

Making an increase of 116,841,637 

These counties are partly affected by irrigation, to the direct extent 
at least of one-tenth part of the valuation given. 

The remaining fourteen counties, of which nine are coa^t counties, 
show the following results : 

Valuation in 1879 $70,755,631 

Valuation in 1889 156,039,57:^ 



Increase in ten years 85,283,941 

Thus it will be seen that from 1879 to 1889 the taxable valuation in- 
creased from $577,949,250 to $1,092,598,297, an addition of $514,649,047. 
Of this increase nearly one-half, or $248,405,414, was made in thirteen 
counties, or one-fourth of the State, and is almost wholly due to irriga- 
tion. It may be fairly estimated that to the increase of irrigation in 
California and the rise in land values, etc., as a consequence, is due at 
least $350,000,000 of the total taxable increase in valuation. That will 
be a marketable increase of $700,000,000. 

THE IRRIGATED AREAS OF CALIFORNIA. 

California, though foremost in the extent and variety of its irrigation 
interests, enterprises, and methods, is behind several other communities 
within the arid region as to its statistics and data. 

A full, clear, succinct statement of the irrigated areas, number of 
ditch systems, and the mileage, with the cost thereof, is not accessible. 
The best average estimate obtainable, consulting therefor the State 
engineer's reports, the State board of trade, evidence offered by local 
witnesses, and county assessors' returns to the State board of equali- 
zation, is the following : 



Ditches. 



Cost per 
mile. 



Total cwt. 



In the San Joaquin Valley, counties of Fresno, Merced, Kern, and 
Tulare 

In the counties of Los Angeles, Orange, and San Bernardino 

In San Diego County 

In the remaining part of the State, twenty-four counties, where 
irrigation is practiced <■ 

Counting one- third of the mining ditches in the State as available, 
and used for smaJl irrigation, we have 

Total 



Mile*. 

800 
500 
36 

1,700 

289 



$5,400 
6,000 
19, 613 

640 

3,188 



$4,320,000 

3,000,000 

706,068 

1,128,000 

921, 221 



3,825 



10,375,1 
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The total valaation or cost given is below the true lignres. Mach of 
the data on which the estimates are based is taken from the assessors' 
returns made for the purpose of taxation. They can therefore be 
doubled. That will give a total cost of at least $20,000,000. 

The acreage is also difficult to arrive at with certainty, but it is fairly 
covered as follows : 

In the San Joaquin counties : Acres. 

In farm crops 1,000,000 

In vines , 13,000 

In fruit trees 16,000 

• — « 

1,0^*9,000 
In the sonthem counties : 

In farm crops 580,000 

In vines 45,000 

In fruit trees a^OOO 

710,000 
In the balance of State (irrigated) : 

In farm crops 1,500,000 

In vines 25,000 

In fruit trees 30,000 

1,555,000 

The total acreage wholly under ditch and now irrigated is fairly 
within the annexed totals : 

Acres. 

In farm crops 3,080,000 

In vines 8:{,000 

In fruit trees 131,000 

Total - 3,294,000 

If all the areas directly cultivated by the aid of natural sub irrigation, 
etc., be added, the total area in California will certaiidy be not less than 
3,500,000 acres. The point of interest, however, in these figures is the 
profitable character of such cultiv^ation, especially in the matter of 
fruit-raising. Land formerly worth $1 now sells at from $500 to $2,500 
per acre. The area of California is reported by the statistician of the 
Department of Agriculture to be divisible as follows : Tillable, 39.8 per 
cent.; grassland, 11.5; woodland, 35.5 ; unproductive (valuable, though, 
because largely mineral in character), 11.4. These areas compare 
favorably witJi the whole country, the per cents for the same divisions of 
which are as follows : 41.6; 11.5; 35.4; 11.4. In productive character 
California shows on grain the following: 

[RiiBliels per acre.] 





For 
State. 


For 
United 
States. 


Corn 


26.5 
13.0 
28.2 


24.2 


Wheat 


12 3 


Oats 


27.0 







THE INTRA-MOUNTAIN DIVISION. 



Within the limits of the second great division of the arid region ex- 
tending east and west from the one hundred and fifth to the one hun- 
dred and twentieth degree of west longitude, and north and south from 
the British to the Mexican boundary, irrigation works and experiments 
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of value will be fouud iu prpgresa, small iu extent, perhaps, in most 
cases, but extensive wben aggrejrated. 

The larger portion of Colorado, iSew Mexico, and Wyoming are within 
the limits assigned. The whole of Nevada, Utah, Montana, Idaho, and 
Arizona, and the eastern half of Oregon and Washington Territory are 
also included. The region comprises 15 degrees of longitude and about 
17 of latitude, and makes a total area of 1,100 by 900 miles square. 

IRRIGATION AND STORAGE IN IDAHO. 

The condition of Idaho, as to the hydrographic facts, the available 
area for reclamation, the facilities for artificial storage, and the awak- 
ened interest of the people, was found to be among the most satisfactory 
of the communities visited by your committee. A considerable area to 
the north and to the west of the Sawtooth and Bitter Root ranges is 
considered in the Territory as outside of the arid range. This area em- 
braces the counties of Idaho, Latah, Xez Perces, Kootenai, and Sho- 
shone. A portion of Lemhi is also included. Unquestionably, however, 
this section will also be benefited and farming pursuits rendered more 
secure by water storage and distribution. The remainder of the Terri- 
tory embraces 32,183,040 acres, of which about 7,000,000 acres are esti- 
mated to be irrigable and arable, fertile in soil, and having accessible 
storage capacity and an available water supply. - ' 

The counties wherein are found the largest irrigated areas, as well as 
the great number of ditches with the smallest service to each, are those 
in which so large a number of Mormon citizens have i^ettled. The 
smallness of the ditches constructed indicate the limited area cultivated 
by eaeh individual or family. It is, however, always sufficient to sup- 
])ort them in that primitive plenty which constitutes their standard of 
life. The ])rimary nature of this work can be seen when an estimate 
is made of the cost per ticre. 

In Bear Lake County the total cost for the 21,500 acres irrigated is 
given at $73,500, or a fra(5tion over $3.G0 per acre. The ditches of the 
northern portion of Binghim County cost $435,000, or a cost per acre 
of $1,775. Small as this price appears to be, it is necessarily costly, 
because wjvsteful. As the water in sight is absorbed, storage becomes a 
necessity, and the result is the abandonment finally of the small ditches, 
and the reconstruction of service works on a larger, and of necessity, 
costlier (at the outset) scale. Taking the medium between the two 
rates given, and the cost per acre of irrigation in Idaho may be set at 
$2.06 per acre, or a total for 715,500 acres of $1,187,000. 

The extensive river syst/Cm of Idaho renders the reclamation of its 
arid lands a very interesting problem. The need of storage is insisted 
upon. The importance of the river system of Idaho can hardly be ex- 
aggerated from the stand-point of reclamation ; the number and volume 
of minor mountain streams must also be considered. Some slight idea 
of the water supply may be obtained by the presentation of a few of 
the estimates mtule in the testimony: 

Cubic feet 
per second. 

Flow of Snako River (at Eagle Rock) 5,000 

Flow of Salmon River (in Cassia County) 1,820 

Flow of Hoise River 6,000 

Flow of Payette liivcr 1,000 

Flow of Weiser River 180 

Flow of \Vi*x Wood River ^ 154 

Flow of Raft River -^. 745 
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These estimates are necessarily ])artial. They embrace with toh'ta- 
ble accuracy the surface drainage flow above the point of measurement, 
but they take no account, of course, of the addition to the river volume 
accruing from the remainder of its other local areas of precipitation and 
drainage. The average annual rain-fall is about 13 inches. The snow- 
fall is given at an average of G cubic feet of packed snow on the ranges. 
This will give at least, in melting, about 2 cubic feet of water. The 
capacity, then, of Idaho for storage by main reservoirs at high altitude 
and at or near the sources of its great streams becomes one of the 
problems that may be approximately measured and calculated upon. 

The Hon. E. A. Stevenson, of Boi86 City, Idaho, presented to the 
Senate Committee on Irrigation, at their Idaho session, valuable tes- 
timony as to the value, character, and results of irrigation. A brief 
summary of its chief points is given. Mr. Stevenson said : 

This town was settled in 1813, bnt very little agricaltare was attempted nutil 1864 
or 1805. When I first saw this town this portion around here was as poor a sage- 
brush place as you would liud in Idaho — a miserable sandy place that nobody imag- 
ined would grow anything. It was that way all along this valley. There was a little 
strip along the river where some grass grew and where thero were some willows and 
trees. The first men who came here settled on that low bench-land, and they have 
the poorest farms in the country. Those who went back on the sage-brush plains 
have land that is worth five times as much as the other. And so it is in Washington 
Tenitory, at Walla Walla. All those men who went on the Touchet, and all those 
stiieams, have poor farms ; those who went on the high lauds have good farms. But 
this land without irrigation would produce nothing. It might, if it should rain in 
Ihe fall, produce a crop of rye, but there is no dependence to be placed on it. But 
rye will grow a^iiost any place. I have had some experience with irrigation. My 
partner and I dug a ditch 2*2 miles long down on the Payette Kiver. We took some 
water on to some desert land that we have there, and in five years we have raised 
orchards with lots of fruit. I have cut the grass there twice this year already, and 
there is a regular forest where there was not a tree in sight in the country. In a short 
time, five years, these trees were 5 inches through. ^ 

The trees are apple, pear, plumb, peach, apricot, prune, and poplar trees ; l>ox- 
elder, walnut, locust, and all the different varieties. I took small trees in a two- 
horse wagon down there. I told some persons that five years ago I took in a two- 
horse wagon all the trees that aro growing there to-day, and they were thunder- 
Btrnck. A man can not imagine that it could be done. But it is marvelous how 
the trees grow there. I do not think yon can raise cereals where you have to irrigate 
and compete with a country that does not. But in all other kinds of crops, vegetables. 
I thmk we can raise all kinds of fruits and vegetables. An irrigated country re- 
quires more populatioji. The holdings should be small. A small farm will support a 
good family if it is well irrigated. The system of irrigation is crude. They do not 
nnderstand it. Some giVe too much water and some too little. Some farmers might 
live on 60 acres. Bnt I think it would be better for the country to cut it up into 80 
acres; 40 acres would make a good home if well cultivated. Now, on the Payette 
River the supply of water is abundant without storage, and will water all the land 
on it. There is a large amount of water there now. But on the Boisd River it would 
need storage. There js iilenty of water here with proper storage facilities to cover the 
whole country. I am speaking of Lewiston. Around the city of Lewiston they could 
not raise fruit in the garden without irrigation. Thoy irrigate there altogether. 

L. F. Cartee, formerly surveyor-general of Idaho, and a practical 
horticulturist by irrigation, gave to the Senate committee the results 
of his own work and observations. He said in substance that — 

Idaho sage-brush land is capable of producing any thing that can be raised in this 
latitude anywhere, not only all the varieties of fruits, but all the cereals. I have 
forty different varieties of grapes on my place, and they nearly all ripen excejit the 
Catawba. That does not ripen because of the shortness of the season. Our grape 
is of fair quality ; better than any of the eastern grapes that we have. A fair crop 
of wheat on our irrigate<l land is from 'i5 to 50 bushels; of oats it is from 30 to fiO 
bushels; occasionally 70 to 80 bushels, but that is exceptional; barley is the same 
as wheat — 25 to 50 bushels. Timothy hay averages about 2 tons to the acre, and 
alfalfa returns 6 tons. Red clover will give the same. Potatoes return 600 bushels 
to the acre. This is the finest apple country in the world. All do well here; yon 
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can hardly find an exception. They grow to a large size and the trees are heavily 
loaded. Peaches do well, but plambs and prunes do remarkably well, better than in 
any country in which I have been. Pears are very good also. 

At the same session fruit, still on the branches, was exhibited. One 
limb, 2 feet in length, had on it 29 peaches, one of which taken off at 
random measured 8^ inches one way and 8f another. On a branch 14 
inches in length 27 large plums were counted. A pear was measured 
and found to be 11^ and 10^ inches in circumference. These are re- 
ported as taken without selection from a large variety. 

MONTANA AND WATER STOBAOE. 

Montana, with its 93,349,200 acres, is not only one of the three larg- 
est States — the others being Texas and California— but it is without 
question the best watered one west of the one hundredth meridian. It 
is heavily timbered also; its pastoral area is great, and, according to 
the estimate of Statistician Dodge, its tillable area is not less than 
S2.9 per cent., or close to one-third of the total. 

The river courses that drain the central basin of our land find their 
beginnings in the sources of the Upper Missouri, with its great triba- 
taries of the Yellowstone, Gallatin, Jefterson, Madison, and a score 
more important streams that all head in and receive their primal sap- 
ply from the precipitation and drainage of the upper Rocky Mountain 
ranges. The valleys are usually narrow and long. The Yellowstone is 
an example, presenting as it does a tillable valley or bottom area of 
about 400 miles in length, with an average width of not to exceed 3 
miles; in all about 780,000 acres. Such streams, large or small, usually 
present similar features of deep, narrow valleys, in which the waters 
appear to be slowly but steadily eroding deeper channels ; then comes 
a precipitous rise to the mesa or bench land of from 25 to 100 or more 
feet in height. The mesas will widen their sections of the several 
hydrographic basins to from 8 to 12 miles in width. The secondary 
tableland or plateau is then reached by steep ascent, making them 
often as high as from 600 to 1,000 feet above the bottom-land. These 
mesas and table-lands are everywhere covered with succulent grasses. 
They are everywhere found to be fertile in capacity, if water can be 
obtained. It is these facts that make Montana a typical region in 
which to conserve the waters by storage and subsequent distribution 
for purposes of irrigation. 

The Yellowstone Basin, from a reclaimable area in the lower valley 
of 780,000 acres, will rise rapidly under a system of scientific engineer- 
ing to an agricultural capacity of from 3,000,000 to 8,000,000 acres. 
When storage shall be so advanced and distribution so systematized 
that the secondary table-lands may be reached and quickened, the 
largest area named will be readily compassed. Nor does this state- 
ment close the possibilities of the drainage or hydrographic basin of 
the Yellowstone. The tributary valleys found there, many of which 
are quite large, will furnish an additional 4,000,000 acres to the area of 
reclamation. This is illustrated in a report made by the authorities of 
Ouster County, within which a large portion of the main Yellowstone 
Valley is located. That report gives the valley land area at 384,000 
acres, and for fifteen other tributary valleys within the county, includ- 
ing the Tongue, Powder, Eosebud, and Otter, it gives their valley areas 
at 601,600 more acres. 

The volume of water to be supplied from the Yellowstone alone is 
estimated by the same authority for use in the areas under consideration 
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at 906,000 miner^s inches per second, flowing under a 6-foot pressure. 
The testimony warrants the statement that the Yellowstone alone can 
farnish for irrigation purposes some 4,000,000 miner's inches. With 
proper storage this may be greatly increased, perhaps doubled. The 
wisdom of the policy which reserved as a national park the wonderland 
in which the Yellowstone finds its ample sources may yet be proven in 
ways heretofore unexpected. The storage of its quickening waters will 
be greatly simplified by the inability of speculative occupiers of the 
public lands to exploit those valuable sources. Hundreds of millions 
of dollars may yet be added to the nation's wealth as a consequence of 
the National Park reservation. 

The Yellowstone is taken as an illustration of the fact that t)ie earlier 
or primal attempts at irrigation are decidedly wasteful and often pro- 
vocative of contention, disorder, and litigation. The valley or bottom 
lands, though the most readily reclaimable by simple local ditches, are 
seldom, perhaps never, the most desirable for farming purposes. It is 
always the warm red loams and soils of the mesa and table lands that 
will furnish the largest crops as a return for industry. It is on these 
"benches, open to the sun, made up of the most fertilizing components 
and readily washed by water of alkali salts, that the Western farmer 
will in the not distant future, wherever water is accessible, make from 
his occupation a return almost as certain and controllable as does to-day 
the carder of wool and the weaver of cloth. 

No cultivation of the soil is possible in Montana without irrigation. 
Without ample storage of water the reclaimable area will be a limited 
one; with ample storage it will rise, according to different witnesses and 
reports, from 20,000,0(i0 to 30,000,000 acres. With irrigation an acre of 
ground in Montana will exceed in productive value from 3 to 5 acres in 
the humid or rain-fall States. The average production per acre is 
estimated as follows: Wheat, 35 bushels; oats, 50; barley, 45; corn, 
28 ; alfalfa, from 4 to 6 tons. The percentage of productive capacity 
for Montana per acre may be stated as follows : 



Products. 



Wheat 



Oats. 



Com. 



Averse nnm'ber of bushels per acre in Montana. 

Average for the United States 

Average per acre for whole arid region 



17.8 
12.3 
18.9 



34.2 
22.3 
24.9 



26.2 
27.0 
28.9 



The number of farms is 1,519, the percentage of agriculturists 20, 
and the average value of land is a little less than $8 per acre. During 
the past ten fiscal years 6,904,461 acres of public lands have been dis- 
posed of in Montana, of which total 5,304,778 acres have been settled 
upon, sold, or patented during the past four fiscal years ending June 
30, 1889. 

The statistics presented as to irrigation ditches were very imperfect. 
It appears that there were in 1869 of mining ditches 287 j miles, con- 
structed at a cost of $806,500. The present extent, including these, as 
many have been used for irrigation purposes also, is now estimated at 
1,000 miles. There are now partially or wholly completed the following 
larger or district systems, constructed for rental investment by corpo- 
rations t 
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Ditches. 



Bentoi» Lake ... 
Olarkci Fork — 
CI osinat Valley 

L)o:irlM)rH " 

Florfnco 

(lallftliii 

Sim Kiver 

Teton 

Total 



les 


AcrcMtobo 


Estimated 




.served. 


cost. 


35 


50, 000 


$175,000 


:m 


100. 000 


140.000 


10 


2.», 000 


7.000 


4r> 


51.000 


150, OOO 


fiO 


10. ooo 


200.000 


25 


50, 000 


75.000 


75 


300,000 


500.000 


40 


36,000 


80, (M) 


318 


611, 000 


1.327,000 



Under a ]>r()por sysU^m of irrigation, storage, and distribution land 
now worth hut littli* beyond the Government price of $1.25 will rise 
rapidly to $20 and $:>() per acre. 

EASTERN WASHINGTON AND OREGON. 



The states of Washington and Oregon present interesting irrigation 
and rechnnation features. In an area well within the arid region, the 
extensive niountiiin hikes found in northwestern Moutaoii, uortfaeasteni 
Wasliington,and northern Idaho subdue to a considerable degree the re- 
gional aridity. The extreme eastern quarter or thir«l of Washington 
from north to south may properly be classified as subhuraid, while the 
central portion clenr to the eastern foot-hills of the Cascades ap- 
])ro}iches more nearly to a general arid character. Washington, from 
1 170 to 1210 of west longitude, or four degrees, will be found a section 
in which the stonige and distribution of water, while not at all times 
ami places therein an absolute m^xessit^', will always need such facili- 
ties an<l find them to greatly enhance its land values and industrial 
progress. There is a great area almost wholly unreclaimed, formed by 
the mesa or table laml of the Columbia Elver Valley and its great 
tributaries. The Columbia Kiver Plains to the northwest of the North 
Pacific Uailroa<l will probably require for their arable use an extended 
series of hydrographic works. That they can be so reclaimed is testi- 
fied to from many sources. One estimate is made of 8,000,000 acres, 
another of 12,000,000. Irrigation by private parties or companies ha« 
been snccessfully tried in a number of valleys, viz: The Klamath 
Kiver Valley, both in Oregon and northern California; the Boise Kiver 
Valley, Idaho; the Snake Kiver Valley, Washington and Idaho; the 
Colviile Kiver Valley, Washington, and in the Kogue Kiver Valley, 
Oregon. The rivers of this region are large and furnish enough water 
to supply systems of irrigation ditches, which could be supplemented 
by storage reservoirs if necessary, or when the demands increase. The 
region around Walla Walla is rich and productive. The Great Plains 
ot the Columbia, although not so well known, is a promising countiy. 
Both regions are poorly supplied with water during the summer mouths, 
at least. The Snake Kiver above Lewiston has falls and rapids, ami 
may afford an opportunity of running irrigation ditches to the lower 
lauds below. 

All of the great bodies of water named present the usual character- 
istics of the arid region — deeply eroded channels, low, narrow valleys, 
abruptly rising bench lands opening widely one or the other side of 
the river, but seldom on both sides, and then again rising into gravss- 
clad table or ])lateau lands. At North Yakima and Ellensburghcan be 
seen the results of irrigation on an extensive scale. The Moxie ranch 
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at tbe first-Tiaraed place illustrates in its 7,000 acres, irrigated from tlie 
Yakima, iiiver at an average cost of $8 per acre, what may be accom- 
plished by private enterprise backed by capital, while at Ellensburgh 
the Kittitas Valley offers a splendid evidence of neighborhood energy 
ai^d self-dependence. The Yakima Yalley people estimate 200,000 acres 
of bottom lands for reclamation and at least a million more in available 
boDch lands. The rain-fall of the, region is also sufficient to secure a 
large area of " subirrigated " land. That is to say, where the soil re- 
tains below the surface much of the precipitation and drainage that 
percolates into it. 

The production per acre is given of wheat at from 35 to 50 bushels; 
of oats at 60 ; of barley from 50 to 80 ; alfalfa yields from 6 to 10 tons 
per year, while potatoes will return more than 500 bushels to the acre. 
One half of eastern Washington needs storage and full facilities of 
irrigation. The cost will range from $3 to $5 per acre, and theie may 
probably be found an abundance of water for storage. The cost of 
water in irrigation is about $1.50 per acre. 

The Kittitas Valley without water is but a sage-brush desert; irri- 
gated, it becomes a garden spot and produces bountifully of cereals, fruits, 
and veget^ables. About 22,000 acres of land are now under cultivation. 
All small fruits, as well as apples, plums, pears, etc., grow to perfec- 
tion; peaches do not do so well, except in localities bordering on the 
Columbia and Wenatchee Rivers. Vegetables of all kinds and of the 
finest quality are grown upon every farm. 

In these valleys of the Yakima, including the Nachez Valley and the 
Yakima Valley proper and the valleys tributary fo the Yakima, the 
irrigating season commences in the months of May and June princi- 
pally. Very little land west of the Columbia River, in what is known 
as tlie Columbia River basin, is susceptible of cultivation without irri- 
gation except, perhaps, for hay. Many i>eople produce hay along the 
river by subirrigation or percolation. The finest store-house of water 
is the snow-clad mountains. Fort Adams is an everlasting store-house. 
The waters of the Yakima and the Tietan flow in there in ordinary sea- 
sous, and without any storage whatever those would irrigate an ex- 
tremely large area of country. 

In the extreme southeastern section, around Pasco, Walla Walla, and 
east to Lewiston, in Idaho, there is a region famous for fine fruits and 
vegetables, in which the use of irrigation adds enormously to the value 
of the land. It is a region also of accessible and not very deep artesian 
water, and it illustrates, too, the rapid increase of precipitation at ris- 
ing altitudes. The average annual rain-fall at Walla Walla is given for 
five years past at 18 inches; at Dayton, 30 miles distant, it reaches 27 
inches. That is a rise of less than VOO feet. To be accurate, the height 
above sea-level at Walla Walla is stated at 1,000 feet; at Dayton, at 
1,675 feet. The advantages offered by this region are testified to by 
some State census figures, which show that the proportion of settlement 
in Washington during two years past has been in favor of the section 
east of the Cascade range. In 1887 there were in Washington 144,000 
persons; in 1889 the estimate made from county returns showed 240,- 
000. In the western counties the total population was 142,132; in the 
eastern counties it was 97,868; an excess for the west of 44,204. The 
total increase for two years is given as 95,991. Of this, the region be- 
tween 117 degrees and 121 degrees, or East Washington, got 41,298, 
while that west of the Cascades got 35,603. 

Oregon is estimated to have received 100,000 new settlers during the 
same two years or less, of whom 60,000 at least have remained east of 
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the one hundred and twenty-first degree of west longitude. During 
the past twelve fiscal years ending June 30, 1889, these two States show 
a public land settlement as follows: Washington, 13,335,937.03, and 
Oregon, 6, 149,540.05 acres, or a total of 19,485,477.08 acres. The amount 
paid into the land offices during the fiscal year of 1888-'89 was, for 
Oregon, $35,332; and for Washington, $39,638, or $74,870; or a total 
of one-eighth of the receipts for the whole arid region. Washington 
has made natural waters public property by constitutional provision. 

The arid and subarid sections of Oregon are somewhat more exten- 
sive than the similar ones in Washington. Their great feature is the 
drainage basin of the Columbia Eiver, in the north, with its extensive 
tributaries — the Deschutes, John Day, White, and Powder Rivers— 
and on the east the lower valley of the Snake River, which forms the 
western boundary line of Idaho for two-thirds of its length. Below 
that is the Oregon portion of the Owyhee River and its branches. In 
the southwest, the Klamath River and lakes form an extended drain- 
age basin, in which large irrigation operations have already commenced. 

IMPORTANCE OF IRBIOATION IN UTAH. 

Utah presents an extensive system well under way. A large area 
has been reclaimed. The valu^ of the work accomplished is seen not 
only in the valleys near to Salt Lake City, but in all the Mvirmou set- 
tlements within the Territory. The indaence of the Mormon polity in 
directing industrial activity has often been commented upon. In no 
one thing is it moi;e apparent than in this great work of the conserva- 
tion and distribution of the water supply. It exhibits several note- 
worthy features. They are: 

(a) The treatment of natural water supplies, under legislation, as 
public property, to be used for the common benefit. 

(b) The construction of all distributive agencies (artificial) at the cost 
necessarily of those to be benefiUnl. 

(6*) The incorporation of the expected beneficiaries by neighborhood 
comi)anies, under general law, a^nd the assessing of costs co-operatively, 
by means of share purchasing and holding, according to the number of 
acres to be served by the water so utilized. 

(d) The distribution of water under stated regulations, which have 
the etfect of law, under the supervision of an officer specially chosen 
for the puri)0se. 

(e) The payment for this authorized use by means of stated rates, 
levied u[)on the volume of water used. 

The Mormon irrigation laws provi<le for the proclamation as a water 
district of any piece of territory which can be commanded by an irri- 
gating ditch, the nomination of water masters, penalties against wast- 
ing water, the giving of permission to carry the ditch through any 
private property upon a fair valuation for the land used, authority to 
tax for maintenance of channels, and to appoint taxation trustees, whose 
powers are made very broad with respect to determining what shall be 
described as land benefited by the construction of the irrigating chan- 
nels. The law also gives protection to primary water rights, which 
means that any person who has drawn water from a water-course by 
means of an irrigating work previous to the proclamation of any 
locality as a water district, has his right protected as a primary claim 
up to the quantity of water he was in the actual use of at the date of 
proclamation. Having covered these points the law has made the way 
open for the action of private enterprise, which in all cases undertakes 
the construction. The next step is the formation of a joint-stock com- 
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pany, whicb may be formed of not less than three individuals, and not 
more than seven, and further provides that such corporation work shall 
be exempted from general tax for county and State purposes, to which 
all other kinds of property are subject. The farmers and others inter- 
ested then meet in public and arrange the formation of the company 
and the distribution of shares, ond then vote as to whether the tax for 
maintenance and management purposes, after the main ditch has been 
completed, shall be upon all the land within the water district or upon 
"the land to be benetited." They can also confer arbitrary powers 
upon the assessing trustees, as a diflttculty had been found to occur 
with parties who refused to contribute to the maintenance tax on the 
plea that they are not taking water, although, owing to favcirable 
positions in relation to either the main or subsidiary ditches, their lands 
are being effectually irrigated by mean» of seepage. The shares are 
always $10 each, and each share represents an acre of la^nd with a per- 
petual water right to that acre, subject only to the maintenance, tax. 
The company being formed, the farmers, or intending farmers in most 
cases — for many of the tillers have just arrived as immigrants — of the 
water districts take up aril the shares they can. This is usually a very 
small percentage of the whole, as they are poor, and their shares are 
mainly paid for by work in the ditch. After the farmers have taken 
their shares, the wealthy citizens take the balance amongst themselves, 
and on goes the making of the ditch, the intending farmers working on 
their farms at the rate of $20 a month, and the non-working share- 
holders putting on labor by contract, which amounts to an average of 
10 cents [)er cubic yard, the heavier work in the caiion being by special 
agreement, according to the difficulties of the work. When the work 
Is completed the farmers have as many water rights as they have taken 
out shares, and they who have furnished most of the capital then begin 
to make their profit. 

Small farmers generally secure a water right for each acre, but others 
who hold, say, from 40 to 80 acres, sometimes only take water right suf- 
ficient for half their area, working one-half as £b tillage-farm and the 
other as a grazing block, alternately. A water right means the priv- 
ilege of taking as much water as the land requires'during the irrigating 
season, and the maintenance tax varies from 10 cents to 16 cents per 
acre ])er annum, according to '' easiness '^ or otherwise of the channels. 
Subsidiary ditches, called laterals, are made by the farmers at their own 
cost, from side heads fitted with sluices, through which the water- 
master lets out as much water as may be required during any particular 
day. Thus there may be ten farmers along a certain lateral holding 
from 5 to 40 acres of land each, and th»^y may have water rights to 
cover the whole or any part of their holdings. The water-master knows 
how many water rights are along each lateral, and every morning he 
looks at his notice boxes, which are attached to the sluice-heads at the 
place where the laterals leave the main channel. The ftirmers generally 
arrange to irrigate day about, each at the proper time posting up the 
notice, ''I intend to irrigate to-day," and as the water-master knows 
how many acres are possessed by the person signing, and how many 
water rights, he is able to make his arrangements accordingly. His 
water-gauge, which is simply a wooden slat in the lateral sluice-head, 
graduated so as to let a certain number of cubic feet run through in a 
given time, is then lifted to the necessary mark, and the water laid on 
nntil the irrigation is completed. The gauge is arranged so as to let 
a cubic foot i)er second flow through for each hundred acres of land. 
Thus ; If A's notice represents five water rights, B's fifteen, and C's 



46 IRRIGATION IN THE UNITED STATES. 

thirty, the water- master knows that fifty water rights want water, aud 
he sets the gauge to run at the rate of half a cubic foot per second. 
This is not for the purpose of measuring the water, bat onJy as a gauj^e 
to arrange the flow to suit the irrigation requirements of the several 
faimers situated along the lateral. 

The time occupied in flooding a certain area differs according to the 
*4ay " and quality of the soil. The water-master soon learns^ bow much 
time each irrigator usually occupies, and his knowledge on fhat point, 
together with the law against Avasting water, which is strict, oiw^.rates 
to prevent the flow of water longer than is absolutely I'equii'ed. The 
water master notes in his book the time of letting the water on, to- 
gether with the number of water rights that are drawing, and it is hij* 
business to visit the irrigators about the proiKir time, aud see about 
shutting off. 

THE WATER LAWS AND PRACTICES. 

The legal aspects of Utah iiiigation are thus as remarkable as the 
economic ones. Indeed, they are related to each other, and the laws 
could hardly have been framed by any other? community. But their 
value extends beyond the locality i'or which they were frame^l. Prior 
appropriation is the foundiiti<ni, but so nKMlitied by the uses of water 
in the interests of the community i\h to make of that principle some- 
thing quite broader and more equitable than has elsewhere been the 
case. In other words, priority has not been abused in Utah. The 
county selectmen are ex ojfieio water commissioners, with the i>ower to 
record all appropriation and regulate the distribution of natural water. 
Appropriators can be persons or corporations. Rights are divided into 
primary and secondary, the latter being a feature of water legislation 
peculiar to Utah. A i>rimary right vests under the following circum- 
stances: 

(3) Whenever any person or persons shall have taken, diverted, and 
usetl any of the unappropriated water of any natural stream, water- 
course, lake, or spring, or other natural source of supply. 

(2) Whenever any person or persons shall have had the open, peace- 
able, uninterrupted, tind continuous use of water for a period of seven 
y^ars. 

A secondary right to the use of water for any of said purposes is 
hereby recognized aud acknowledged to have vested and accrued (sub- 
ject to the perfect and complete use of all iireli mi nary rights) to the ex- 
tent of and reasonable necessity for such use thereof, undei* any of the 
followinjr circumstances: 

(1) Whenever the whole of the waters of any natural stream, water- 
course, lake, spring, or other natnral source of supply has been taken, 
diverted, aud used b^^ prior appropriators for a part, or parts, of each 
year only; and other persons have subsequently a[)i)ropriated any part, 
or the whole, of such water during any other part of such year, such 
person shall be deemed to have acquired a secondary right. 

(2) Whenever, at the time of an unusual increase of water exceeding 
seven years' average flow of such water, at the same season of each 
year, all the water of such average flow then beiiig used by prior ap- 
propriators, and other persons appropriate and use such increase of 
water, such persons shall be deemed to have acquired a secondary right. 

The measurement of water is definitely provided for by "fractional 
parts of the whole source of su|)ply '' or time limit, or by a specific ratio 
of measurement, or this combined with time limit. Provisions are made 
for repairs, damages, continuous use and service, against waste, and 
for the return of unused water to its proper channel ; also for pro rata 
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distribution wLeu supply fails iu volume, as to equal right of way, 
and ibr the organization of local copartnerships or corporate direction. 
Another act provides for irrigatiou districts and, their lawful control, ' 
with trustees, and the ])owers as to water and its control and use, of 
any subcivic or county body. 

There are two or three systems of distribution. Fii-st are the iucor-^ 
iwrators on the streams, controling it themselves — they agree how it 
shall be manipulated; second, the county courts that iiiatined and or- 
ganized irrigating companies; and, third, private corporations, taking 
out cbarti^rs the same as any other corporation would, as, for instance, 
a person or ji con)pany ot men settle upon a stream and appropriate the 
water in it. In early times they had sufficient to irrigate what land 
they would break up. These may be termed the primary owners of the 
water. Afterward others, finding a surplus of Wivter in the stream, ap- 
propriated still further water, and so on until all the water of that 
stream is taken out. In establishing some streams there is then what 
is known as the first, second, and third right. The third right, when 
there is a scarcity of water, shuts oft t he entire stream, and the second 
and first rights take the entire stream. The owners of each of those 
ditches meet and appoint what is called a ''water-divider" or "water- 
master," who has control of the ditch for that year, and whose duty it 
is to divide the water of the sti-eams into dit ches. For instance, if there 
were four streams drawing water, the farmers would appoitit a divider 
to turn I lie water of those streams into th(^ ditches, and the water master 
take the water as it flows into the ditch and give it to the owners as 
their rights appear. The pri vate comparues so called are i ncorporations 
where certificates of stock are issued under the general laws of the Ter- 
litory. They elect their board of trustees and manage the affairs of the 
coDipany. Those trustees appoint a water-master, who takes the num- 
ber of shares each owner of has and divides to each his proportion of the 
water that comes through a certain ditch from the stream. Those 
streams are mostly artificial streams, having been taken out from some 
large body of water. That system prevails largely on the west side of 
Salt Lake. The stockholders have the land, but the water right can 
be transferred without transferring the land. It is a water right inde- 
pendently of the land. 

Yet the water must be "in place," and in order to use it, the land 
served by that way must be obtained. As a practical fact a water 
right, that is, one share in a corporation, represents only the service of 
water for 1 acre of land. And it is a particular acre in a si)ecial place. 
Therefore the one share of water can only serve that 1 acre of land, or 
rather any 1 acre within the area to be irrigated by that particular body 
of water in the service or duty of which one share has been obtained. 

In the distribution of water the horary or time system has l)een 
adopted. The irrigation survey engineer states that the following 
forms indicate the method of distribution by " the hour," as is the case 
in Spain : 

No. — . 

TiMPANOGOs Irrigation Timk Tickkt. 

Mr. : You jiro entitled to the use of wjifter 

from tl)o Tiiiijiauogos Ditch on every alternate 

week, from o'clock — ni., and until 

o'clock — m., ; amount of stream, all of the 

water in said ditcli; when you are required to discon- 
tinue to use and turn it off. 

, Water-master, 

Per —, Deputy, 

Piiovo CUty, Utah, -^^ii^zfel^y GoOglc 



No.—. 
TiMPANOGOs Irrigation 
TiMK Ticket. 

Mr. . On — 

every alternate week, from 

— o'clock — m., and until 

— o'clock — m., 

amount of stream, all of the 
water in said ditch. 



Water-master, 
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The annexed blank receipt shows the manner of meeting the water- 
tax levy on proof of labor performed. 

No. 

Am't of labor, 

Am*t of caeb, $ 

Total, 6- 



Issued to and received by 



Date, , IbS—. 



No.- 

Received of days' labor, | — 

Cash — 



Total. 



In full for his water-tax, for the year ending March 
1, 188—. 

-, fVater-master, 



Provo City, Utah, , 188—. 

THE PUBLIC DOMAIN IN UTAH. 

Within the Territory of Utah will be found several varieties of cli- 
mate, ranging almost from semi-temperate in the north to semi-tropical 
in the south. The production of corn is limited ; that of wheat and 
oats is large. Wheat brings 80 cents a bushel and runs from 25 to 30 
bushels per acre. Oats bring from $1.16 to $1.60 per hundred pounds. 
Potatoes will give 300 bushels to the acre. A farm of 40 acres is quite 
sufficient for profitable cultivation. In the southern portion of the 
Territory the raising of fruit is claimed to be a success. Artesian 
water is found in several counties and over large areas. 

The disposition of the public land domain in Utah for the past twelve 
fiscal years outside of mineral lands has been 2,681,605.96 acres. The 
percentage of Utah in farms is 1.92 of the whole. The entire arid re- 
gion has but 2.85 per cent. Of tillable land Utah has (whether or not 
there be water for the same) 45.5 per cent, of its whole area. Of grass 
it has 18 percent; of wood-land but 3 per cent. The unproductive 
area is sot down at 11.4 per cent, of the whole. The question of rec- 
lamation in Utah then is, as elsewhere, one of mountain precipitation, 
of subterranean supply, and of artificial water storage and subsequent 
distribution. The rainfall ranges from 7 to 17 inches per annum. The 
snow-fall is from 5 to 25 feet. In the mountains the precipitation is as 
3 to 1 in quantity over the lower lands. The average yield of corn per 
acre is given at 22.5, of wheat at 17.8, and of oats at 26.3 bushels — an 
average which is close to the normal mean for the whole country. 
With these figures, it is evident that Utah holds larger promises than 
its past has achieved. 

Tlie most expensive thing in connection with an irrigating work in 
Utah, as elsewhere, is the main head, where the water is taken from 
the stream. Sometimes the channel is taken sufficiently far up the 
canon to tap the stream without a dam, but in other cases it is found 
the lesser of two expensive works to dam the stream at a lower point 
rather than undertake the heavy quarrying or tunneling required higher 
up. The dams are of various kinds, according to circumstances, but 
that known to engineers as "the mud-sill" is mostly built over broad, 
shallow streams, and ^'the crib" used for deeper and narrower torrents 
up the canons. 

The usual plan of irrigation is to go well up the canons and start a 
channel 1-0 feet wide by 4 feet deep, and carry this along the side of the 
caiion, and then around the side of the main range so as to command as 
large an area of level land as possible. The ditching, except in the 
rocky portions at the head of the canon channel, is done by plow and 
scoop, one of the lightest of the latter implements, worked by a pair 
of mules, being invariably used. There are two 30-mile-long main 
ditches led along each side of the Jordan, and one 35 miles long is con- 
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m docted from a mountain canon in the direction of Provo, along the foot 
r of the range towards Salt Lake City, thus providing water for a con- 
siderable area of country under the ditch. 

Each acre of land brought within the influence of the can^ is in- 
creased in value, and the $10-shares go up in the market. The water 
enables the working farmer to pay his passage-money back to the Mor- 
mon Church, together with the tithe of all he raises, and further the 
expenses of his maintenance advanced to him during the construction 
of the ditches; and yet, after paying all these charges, in addition to, 
say, 10 cents an acre for maintenance of the ditches, he makes money. 
Each share in the Prove ditch, for instance, costs $10. That represents 
an acre of land, with a perpetual water right. Without the water right 
tbe land was absolutely valueless. It is now quoted at from $25 to $60 
per acre, according to situation. 



OONDITIONS AND POSSIBILITIES. 

In 1875 there were in the twenty organized counties 2,095J miles of 
principal canals, costing $1,918,174, and 4,888| miles of tributary canals, 
costing $503,320. This was a total construction of 6,984 miles of canfals 
and ditches, at a cost of $2,421,494. The total cultivated area within 
the district "under water" was 302,766 acres, of which 106,184 acres 
did not require the application of water at all. Mr. Caine, Delegate in 
Congress from Utah, under date of December, 1884, estimated that • 
there were in the four most prosperous counties of that Territory irri- 
gation (main) canals, as follows : 



Counties. 


Main 
canals. 


Estimated 
cost 


Weber 


165 
150 
175 
190 


> $300,000 


Utah. . " 


250,000 


Cache 


560,000 


SaltLi^e 


1,260,000 








Tnfal AAtimAfcA ..«. 


680 


2,350,000 







OI/IMATOLOGY OF UTAH. 

Prof. Marcus C. Jones, of the Deseret University, at the request of 
Governor Thomas, presented, in 1889, to the Senate Committee on Ir- 
rigation, among other papers, the following review of the Territory : 

The annual rain-fall of this Territory will not exceed 8 inches per annum, and 
were it not for the lofty mountains storing up the water in snow the Territory could 
not be inhabited. Therefore the settlements are to be found along the streams whibh 
are fed by the snow, and they are located chiefly at the bases of the mountains, 
though running out into the valleys as far as there is water. 

Ilie Wasatch, rising over a mile above the valleys, run from north to south through 
the Territory, a little west of the middle, till they reach Iron County, where they 
torn to t^e southwest and fade away in Nevada. Their average height will not fall 
far below 10,000 feet above the sea. 

Nearly east of Salt Lake City the Uintahs, still loftier than the Wasatch, abut on 
them and run eastward till they pass out of the Territory. These are so close to the 
northern edge of Utah that we get little benefit from them, while to the south of 
them is an Indian reservation. Nearly due east of Utah Lake, and about 40 miles 
from the Wasatch, the Coal range starts from the Uintahs and runs southward paral- 
lel with the Wasatch for 160 miles, when it joins them at Panguitch Lake. These 
three ranges form the water-shed of Utah, the Coal range and the Uintahs forming the 
rijj^ of the Great Basin, while the Wasatch performs a aimilw: part below Panguitch. 

138 A L— AP yoji JV r4 



50 IRRIGATION IN THE UNITED STATES. 

The Wasatch aud Uiutahs are narrow, lofty, and rugged, while the Coal range is 
younger, lower, and broad. The Coal and Wasatch inclose between them some of 
the most fertile valleys of Utah. The Wasatch reach their culmination near Salt 
Lake City, and, aided by Great Salt Lake, give the greatest water supply in the Ter- 
ritory. The streams from this source irrigate the bulk of the cultivated area of Utah. 

For ease in comprehension Utah may be divided into three divisions, the moist 
counties, whose rain-fall exceeds 12 inches per annum, the dry counties, with a rain- 
fall of 6 to 12 inches, aud the hot counties, with a slight rain-fall and great heat. 

The moist counties are Cache, Box Elder, Rich, Morgan, Weber. Davis, Summit, 
Salt Lake, Utah, Wasatch, Uintah, Sati Pete, Sevier, and parts of Emery, Garfield, 
Pi Ute, and San Juan. 

The dry counties are Tooele, Juab, Millard, Beaver, Iron, and parts of others. 

The hot counties are Washington, Kane, and parts of San Juan, ri Ute, and Garfield. 

THE MOIST COUNTRIES. 

Cache County is situated in the middle of the northern end of the Territory, at an 
elevation of 4,533 to 5,000 feet above the sea. All the arable laud is in Cache Valley, 
which lies between two ranges of mountains, the Wasatch forming the eastern bound- 
ary. The water supply is 420.13 cubic feet per second, aud comes from eight streams 
and rivers. The whole supply will be in use next year. The area of the county is 
633,600 acres, of which 43,154 were cultivated this year. One thousand seven hun- 
dred and ten acres were dry-farmed, and 14,385 acres of crops were lost by lack of 
water. There are forty canals reported, aggregating 110.5 miles. The irrigating 
season is 122 days long, and land is irrigated 35 hours per year. The duty of water 
is less than a cubic foot per second to 100 acres. The average depth of snow in the 
mountains is 3 feet. The committee report water storage as the only means of in- 
creasing the cultivated area, since there are more than 420.13 cubic feet per second 
running to waste for 243 days, enough to irrigate from 50,000 to 75,000 acres. Many 
good reservoir sites are mentioned, but details are not given. It is probable that arte- 
sian wells can be obtained in some parts of this valley. 

Box Elder County, — This lies in the northwest corner of the Territory. The east-em 
part is very fertile and well supplied with water, but the western and greater pjirt 
belongs to the dry counties. The area is 2,767,360 acres, of which 53,280 acres are 
cultivated, and of these latter 19,190 acres are cultivated but not irrigated. The ele- 
vation of the fertile parts is 4,215 to 5,000 feet above the sea. There are 12 canals 
reported, length 76 miles. A branch of the Great Bear River canal is to irrigate a 
large area in this county. Large quantities of fruit are raised here, and still greater 
amounts of small grain and hay. The extensive valley of the Bear has been for half 
a century the recruiting place for overland travelers by team. Artesian wells are 
very numerous and add greatly to the productive area. Water storage is the main 
question here. Five reservoir sites are reported in detail, and several others in gen- 
eral. Bear Lake is the natural reservoir for this and Cache County, and will store 
all the water that will ever flow into it. 

Rich County, — This lies at an elevation of 6,000 to 7,000 feet above the sea, in the 
northeast corner of the Territory, at the eastern base of the mountains. It is high 
and cold, raising only small grain, hay, etc. It lies all in one valley ; is watered 
chiefly by the Bear River and some streams that flow into the lake. This land takes 
little water to mature crops, and much produce is raised without irrigation. The 
soil is sandy. The area of the county is 497,280 acres. There is no report from this 
county. 

Weber County.— Th'ia lies south of Cache, extending from Great Salt Lake through 
the Wasatch to the headwaters of Ogden River. The best portion lies in Salt Lake 
Valley at an elevation of 4,315 feet, while Ogden Valley, lying along that river, lies 
east of the Wasatch and is more elevated. The water supply of the county comes 
from 17 streams and rivers, flowing 323.66 cubic feet per second. There are 117,600 
acres under cultivation, of which 29,400 acres are fully irrigated, while the rest is 
partially irrigated or dry-farmed. The soil is sandy, with clay close to the lake. 
Five thousand one hundred and seventy-two acres are irrigated from artesian wells. 
The duty of water is one cubic foot per second for 80 acres, or thereabouts. There 
are 25 canals, length not given. The irrigating season is 122 to 152 days long. This 
county is one of the most productive that we have, raising aU kinds of fruit and prod- 
uce that is raised in the Great Basin. The only solution of the water question here is 
storage. There are over 323.66 cubic feet per second going to waste for 213 days, enough 
to irrigate 30,000 to 40,000 acres. One reservoir site is reported, of small dimensions, 
while others are reported from Huntsville and Wheeler's Creek, and there are nu- 
merous sites at the head of the Weber. 

Dq,vi8 County, — This county lies wholly west of the Wasatch, being south of Weber 
and north of Salt Lake Counties and between them and the lake. There is very lit- 
tle waste laud in thi^ smallest couuty in the Territory, whose iw^b^lje l^^n.^ Uea wholly 
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in Salt Lake Valley. This county is well watered close to the mountains by numer- 
ous small streams, and lower down by multitudes of artesian wells. Many acres are 
not irrigated. This county is full of orchards, gardens, and fields, while roots, small 
grain, and bay are raised in abundance. The elevation is 4,215 to 4,500 feet above 
the sea. The area is 160,000 acres. The soil is sandy but with clay near the lake. 
There is no report from this county. 

Morgan County.— This lies directly east of Davis, ©n the east side of the Wasatch, 
and occupying Weber Valley as far as Croyden. This is elevated nearly 6,000 feet 
above the sea, and is only adapted to small grain, root crops, and hay. The water 
supply is fair and the opportunities for storage good. The area is 675,840 acres, of 
which aMqut 10,000 acres are cultivated. The soil is chiefly sandy. 

Summit County. — This county lies almost wholly in the upper valley of the Weber, 
and includes Parley's Park. It occupies the angle between the Wasatch and the 
Uintahs, and lies north of the latter. Its ultivated land is elevated 6,000 to 8,500 
feet above the sea. It is cold and best adapted to small grain and hay. Much prod- 
uce is raised without irrigation, and only a small amount of water is required per 
acre to mature crops. The valley of Weber is a succession of green fields for many 
miles, while on Chalk Creek and other tributaries are scattered many farms. The 
area of the county is 2,419,200 acres, of which 7,500 are under cultivation. This 
county also reports storage of water as the only means of increasing its cultivated 
area. Deep artesian wells might be successful here. The soil is sandy. 

Salt Lake County. — This county lies between the south end of the lake and the 
Wasatch Mountains, occupying all of the southern end of Salt Lake Valley and lying 
between the Oquirrhand Wasatch Mountains. This county takes the lead in water 
supply and position, since the valley is 10 miles wide and 20 miles long, runs north 
and south, and is watered by the Jordan and by numerous large streams that flow 
down from the heart of the Wasatch. There are also a few streams flowing from the 
Oquirrh Mountains. Throughout the lower part of the valley thousands of artesian 
wells are flowing. The soil is sandy in the upper and clayey in the lower part of 
the valley. The elevation is 4.215 to 4,500 feet above the sea. The area of the 
county is 614,400 acres. The cultivated land is 38,587 acres. The water supply is 
365.5 to 4^.5 cubic feet per second, all in use. The irrigating season is one hundred 
and twenty-two to one hundred and fifty two days long, and the dut^ of water is 
about 1 cubic foot to 80 or 100 acres. The rain- fall during the irrigating season is 
only 7.882 inches, being more than double that in many other parts of the Territory. 

There are 13^668 acres of lucerne raised ; hay, 2,215 acres ; small grain, 13,566 acres ; 
root» and vegetables, 3,470.5 acres, and fruit, 1,628.5 acres. There are thirty-seven 
canals with an aggregate length of 2l3.8f miles. There is enough water running to 
waste outside of the irrigating season to redeem 44,000 acres. There are eleven res- 
ervoir sites in the moun(|bins reported in detail, aggregating 50,250,000 cubic feet, 
and several others of good size not reported. There are four sites reported in the 
valleys, and one of them, Utah Lake, if raised 2 feet would irrigate 53,000 acres, and 
if raised 5 feet would irrigate 133,000 acres. But this lake can never be filled in a 
dry season ; the total inflow last winter was only enough to raise the lake a foot, and 
for other reasons hereafter given it will never cut much of a figure as a reservoir. 
The average depth of snow in the mountains is 4 to 10 feet. The relative humidity 
for the year is 48.3 percent.; during the irrigating season it is 42.3 per cent. The 
annual temperature is about 51.2 degrees. 

Utah County. — ^This county lies chiefly in the beautiful Utah Valley with its large 
fresh-water lake in the center, 80,000 acres in area. Most of the arable land is in this 
valley, but there is considerable arable laud on the Spanish Fork River. The eleva- 
tion is about 4,600 to 4,800 feet above the sea. Though it is some higher than Salt 
Lake Valley it is nearly as warm, because of sloping toward the sun. The area of 
the county is 1,344,000 acres, of which 69,126 acres are cultivated. The irrigating 
season lasts about 122 days. The duty of water is reported as 40,000 cubic feet per 
year, but it is probably not less than 1 cubic foot per second for 100 acres. The water 
supply comes from fourteen streams and one river, whose flow in Jnly was 308 cubic 
feet per second. There are sixteen canals reported ; length, 66.2 miles. There are 
many artesian wells in the valley. They lost 28,985 acres of crops this year by lack 
of water. There are eight reservoir sites given in detail in the mountains and two 
in the valleys; capacity 791,000,000 cubic feet. There are five additional sites given 
in the valley and nineteen in the mountains ; capacity not specified. Enough water 
runs to waste to irrigate 50,000 acres. About the same amount of rain falls here as 
in Salt Lake Valley. The average depth of snow in the mountains is 4 feet. The 
soil in this county is mostly sandy. Along the Spanish Fork River are many farms 
with an elevation of 5,500 to 6,500 feet above the sea whose supply of water could be 
greatly increased by deep artesian wells. 

Wasatch County. — This lies east of the Wasatch, and the inhabited portion is west 
of the Coal range, 4>eing south of Summit and east of Utah County. The settled 
part i9 a tnangular valley at the e^aterA h^s^ of tUe Wasatch, called Provo Valley, 
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since it lies along the Provo River. This is some 6,000 feet above the sea, has 13,000 
acres of cultivated land, and 32,000 acres that could be reclaimed by more water. 
The water supply is not given, but one-half tbe crops were lost this year by lack of 
water. There are 14.& miles of canals reported. Five reservoir sites are reported, 
capable of irrigating 14,000 acres. This valley raises small grain and hay chiefly. 
Water storage is a necessity if the present acreage is to be preserved, to say nothing 
of extending it. The greater portion of this county of 1,344,000 acres lies east of the 
Coal range on the reservation. There are hundreds of acres there that produce 
abundant crops of hay when stock is kept oft" from them. 

Uintah County, — This county is situated east of Wasateb, Summit, and Emery Coua- 
ties. It is mostly an Indian reservation ; but just south of the Uintahs is a small cul- 
tivated area not on the reservation. The area of the whole county is 4,000,000 ^res. 
The cultivated area is 8,032 acres. The soil is partly sand and partly clay. The 
elevation of Ashley Valley runs from 4,400 to 5,000 feet. The irrigatiug season is 
from 178 to 198 days long, and the duty of water is given as 20,000' to 50,000 cubic 
feet per acre, but this is doubtless far too small. It takes a trifle more water for 
clayey than for sandy soil. It takes the same amount of water for small grain as 
for lucerne, a trifle more for root crops, and one-half as much for orchards. There 
were 970 acres of crops lost this year from lack of water. The average depth of 
snow in the mountains is G feet. Several good reservoir sites are mentioned. The 
supply of water in Green River is unlimited, and much laud could be reclaimed by 
proper dams in this river. The snpi)ly of water on Ashley and Brush Creeks is quite 
liiiiited, but could be greatly increased by reservoirs. 

San Pete County, — This county occupies au elevated valley between the Wasatch 
and Coal range, and south of Utah County. It is the valley of the San Piteh River 
and a part of Thistle Valley. The former runs southward from the head of Thistle 
Creek for 45 miles till it joins the Sevier Valley. The elevation is perhaps a thou- 
sand feet or more* higher than Salt Lake Valley, and the rain-fall is less. The water 
supply come from both sides of the valloy in numerous small streams, but the greater 
numl>er come from the east. This has been called the granary of Utah. The chief 
product is small grain. The irrigatiug season lasts 107 to 183 days. The duty of 
water is about I cubic foot per second to 90 acres. Each acre is irrigated 120 hours. 
Many acres of crops were lost this year through lack of water. The average depth 
ofsnow in the mountains is reported as 6 feet. Several reservoir sights are men- 
tioned. The area of this county is 1,104,800 acres. The amount under cultivation 
is not reported. 

Sevier County. — This county occupies the southern part of the great valley which 
lies east of the Wasateh and west of the Coal range, running from Thistle on the 
north to Panguitch on the south. This great valley, over 125 miles long, is called 
the San Pete on the north and the Sevier on the south. It is lowest in the middle < 
where the southward flowing San Pitch and the northward Rowing Sevier Rivers 
nnite, and breaking through the Wtisatch pass out westward upon the desert in Mil- 
lard County. The only arable land in this county lies in the Sevier Valley, which in 
this county is several miles wide and 50 miles long. It is watered chiefly by the 
Sevier River, but there are many small streams and springs coming from the mount- 
ains on either side. The river measured 70 cubic feet per second at Joseph City on 
July 26^ 1889. No other measurements are ref»orted. There were reported eleven 
canals aggregating 107.5 miles in length. The area of the county is 99:i,280 acres, of 
which 25,000 acres are under cultivation; all but 7,000 acres are watered by the 
Sevier River ; 100,000 acres could be irrigated if there were more water. There are 
2,634 acres of lucerne raised, 11,982 acres of small grain, 710 acres of root crops and 
vegetables, and 178 acres of orchards. The elevation of the lower part of the valley 
is about 5,500 feet and the irrigating season is 244 days long. Some fruit is raised 
here. The upper part of the valley is from 6,000 to 7,000 feet above the sea, the 
irrigating season is 122 days long, and small grain and hay are the chief producte. 
The soil is sandv and very productive. There are none of the thinly populated coun- 
ties that have Jnch possibilities before them as this; for there is enough water to 
irrigate the whole valley if it is properly stored. The depth of snow in the mount- 
ains in winter is about 6 feet. Six reservoir sites of great capacities are reported 
in the mountains. All the present water supply is utilized. Deep artesian wells are 
possible in some pai'ts of the valley. 

Pi Ute County, — The cultivated portion of this county lies in or near the heart of 
the Beaver Mountains, south of Sevier County, and at the junction of the Coal range 
with the Wasatch. The valleys are elevated and cold, being 5,400 to 7,000 feet above 
the sea. The irrigating season never exceeds one hundred and seventy-three days. 
The duty of water is not more than one cubic foot to 100 acres. The land is irri^a ted 
from twenty to forty-eight hours per annum. The water supply is 217 cubic feet per 
second ; comes from eleven creeks and rivers, and in some localties is not all in use, 
while in other places 400 acres were lost and many more injured by lack of water. 
There are 31 canals* Ten reservoir sites are reported of sucU capacity s^ tQ irrigate 
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15,000 additional acres, more land than there is to cultivate. The average depth pt 
snow in the mountains is 4 to 5 foet. The area of the county is 2,368,000 acres. The 
cultivated area is 12,135 acres, lying in Sevier, Grass, and Sabblt Valleys. But little 
fruit is raised in this county. 

Garfield County. — The western part of this county also lies in the heart of the 
Beaver Mountains, and its cultivated valleys are all elevated 5,835 to 6,273 feet above 
the sea and cold ; best adapted to hay and grain. The irrigating season lasts ninety- 
seven days, and the duty of water is slight ; the land is irrigated but twenty-five 
days during the year. The wat.er supply is not given. There are 34 canals. The 
area of the county is 2,892,800, of which about 5,(So acres are cultivated. Four reser- 
voir sites are definitely reportetl, and many others are mentioned ; enough to irrigate 
several times all the arable land in the county. Some of these sites could be used to 
help out Kane and Washington Counties. 

THE DRY COUNTIES. 

The larger part of these . counties is arable land, and can never be reclaimed be- 
cause of being destitute of any water, either present or prospective, while the east- 
ern edge of these counties might almost be classed with the moist group. 

Bax Elder County. — This county lies in the northwest corner of the Territory and 
is the least arid of them all. The western portion has a few farms and some meager 
streams, while that portion next to the lake is susceptible of artesian wells and is 
quite productive. The mountains in this portion are so low and lose their snow so 
early that water storage is out of the question. 

Tooele County. — This county lies west of Great Salt Lake and Salt Lake County. 
It is very large, containing 4,140,800 acres, of which only 6,250 acres are cultivated, 
and these lie chiefly in one valley (Tooele). This valley is a broad one, lying be- 
tween the Oquirrh and Aqui Mountains, from which it receives its water in eight 
small streams aggregating 78^^ cubic feet per second. These mountains do not rise 
high enough to give water all the season. This valley is being greatly developed by 
artesian wells. Rush valley is a magnificent one, being the southern extension of 
Tooele Valley. There are, 200,000 acres that could be redeemed here alone, but there 
• is no surface nor artesian water to be had. Reservoirs might catch some water. 
Skull Valley is another large tract lying directly west of the Aqui Mountains 
This is capable of artesian wells, and has a small supply of surface water. It is un- 
developed. On the western edge of the county near Deep Creek is some cultivated 
land. There are 1,000,000 acres of good land that could be redeemed if there were 
water for it, but by fillly developing all resources by storage and otherwise 100,000 
acres is an outside limit of the acres that will ever be cultivated in this county with 
the present rain-fall. The elevation of the valleys is 4,400 to 5,000 feet above the 
sea. All kinds of fruit and produce can be raised here that are raised in Salt Lake 
County. The duty of water is 1 cubic foot per second to 80 acres, and the irrigating 
season runs from 122 to 200 days. Several good reservoir sites are reported. The 
average depth of snow in the mountains bordering Tooele Valley is 3 feet. The soil 
is so gravelly near the mountains that fnlly one-half of the water is lost by seepage 
before it gets to the fields. Water storage and fluming the canals are the crying 
needs of this county. 

Juab CoMn*yr-— This county lies south of Tooele and runs from the Wasatch to the 
western boundary. The area is 2,457,600 acres, and fully one-half of it is level land 
that could be redeemed by ?vater, but outside of artesian wells there is no hope for 
most of this county. Four thousand acres are reported under cultivation beneath 
the shadow of Mount Nebo. All kinds of fruit and grain are raised here that the 
Great Basin produces. The elevation of the valleys is from 5,000 to 5,500. The 
average depth of snow in Mount Nebo is 3 feet. Several good reservoir sites are re- 
ported. Nearly one-half of the crops were lost this year by lack of water. Water 
storage and artesian wells are the only hope of this county. 

Millard County. — ^This county lies south of Juab and runs from the Wasatch to the 
western boundary. This is one of the largest counties in the Territory and has the 
largest amount of arable land of any, if there were only Water for it. The area of 
the county is 4,492,800 acres, and over one-half of it is good land. Artesian wells are 
being developed in this county, but generally the flow is so slight that the water is 
valuable only for drinking. The settlements lie along the western base of the 
Wasatch and along the Sevier River. They are from 5,000 to 6,000 feet above the sea, 
and produce large quantities of fruit, small grain, and lucerne hay. The irrigating 
season runs from 90 to 122 days. There are 13,500 acres reported as under cultiva- 
tion; 1,000 acres were reported as lost and much more as* injured by lack of water 
this year. The soil is sandy near the mountains and clayey in the Sevier Valley. 
There are 42 miles of canals reported. Water storage is not only an imperative 
necessity in this county, but it is practicable. Much water runs to waste in the 
Sevier River ; probably triple what is used. There are many good sites along the 
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river where from 1 to 3 square miles of water several feet deep could T>e held back. 
Back of Scipio a natural lake, now used as a reservoir^ could hold 5 square miles of 
water of cousiderable depth. It is said that the Sevier River could be turned into it. 
There are several good sites in the Wasatch. 
Beaver County. — This county has an area of 1,689,600 acres, of which one-fourth is 

food land; 9,500 acres are reported under cultivation. This county lies south of 
[illard and runs from the Wasatch to the western boundary. The upper valleys are 
6,000 and the lower about 5,(K)0 feet elevation. The irrigating season lasts ninety- 
one to one hundred and twenty-two days. The land is irrigated twenty-nine to 
thirty-two hours per year. There are 45 canals; length not given. The settlenieut^s 
lie chiefly along the Beaver Rivet and Its tributaries. The average depth of snow iu 
the mountains is reported as 8 feet. The Wasatch here rises to a great height and 
snow lies on the monnt-ains all the year round; 25 reservoir sites are reported in de- 
tail, aggregating 17 square miles, sufficient to irrigate 20,000 acres at least; about 
10 of these reservoirs are in the valleys and the remaiuder in the mouutains. 

Iron County, — ^This county lies soutn of Beaver, on the rim of the Great Bajin, run- 
ning from the Wasatch to Nevada. Its area is 2,102,400 acres, and nearly half of it 
is arable land, some of it capable of artesian wells, but most of it destitute of water ; 
6,997 acres are reported under cultivation. The irrigating season is given as 142 to 
269 days. The elevation of the valleys runs from 5,400 to 6,100 feet above the sea. 
The duty of water is given as 1 cubic foot to 65 acres in the more arid valleys an<l 
from 160 acres to more than double that in the moist valleys. The water supply- 
comes from 8 small streams, capacity 67.63 cubic feet per second. The land is irri- 
gated from fifteen to forty-two hours per year. If the water could be saved, from 
10,000 to 20,000 acres could be redeemed; 14 reservoir sites are reported in detail. 
Water storage is the only means of developing the agricultural resources of this 
county. The soil is chiefly clay. 

Emery and Uintah Counties. — To this group belong parts of these two counties, which 
lie between the Green and Grand Rivers. There are many thousands of acres of clayey 
soil that could be reclaimed by great canals running from these rivers, whose uuliiu- 
ited water supply, greater than all the rest of the Territory put together, will run to 
waste without assistance is given in constructing such canals. There is no part of 
the Territory that needs developing more than this. Very deep artesian wells might 
be successful here. 

Emery County.— But a small part of this county belongs to the Dry Counties, still 
nearly all of the cultivated area lies in that* section on the extreme western side of 
the county. This lies directly east of San Pete and Sevier Counties at the foot of the 
Coal range. The rain-fall does not exceed 10 inches per annum. The water supply 
conies from four creeks and one river, breaking through the precipitous eastern face 
of the Coal range In narrow canons. The flow of water is 171.15 cubic feet per sec- 
ond. The area of the county is 5,603,680 iicres. The cultivated land is 14,825 acres. 
The soil is a very refractory clay. The duty of water is 1 cubic foot to about 35 
acres. Castle Valley is 4,500 above the sea, and the irrigating season is 229 days 
long. Little Grand Valley is 3,900 feet above the sea, and its irrigating season is 
244 days long. There are 34 canals ; length not given. One-quarter of the crops was 
lost this year through lack of water. All the water is in use. The average depth of 
snow in the mountains is 4 feet. Twelve reservoir sites are definitely reported, and 
many others are mentioned. There is enough storage to use double the tot<al water 
supply. Probably 10,000 to 15,000 acres more could be irrigated by saving the waste 
water. Great suffering often results from scarcity of water iu this county. All kinds 
of crops are raised in this county, even sugar-cane, fruit, pea-nut'Sy etc. Figs could 
be raised in the hotter portions. 

THE HOT COUNTIES. 

These counties are far more arid naturally than the dry counties, since they are 
farther from the lofty mountains, and most of the arable parts are 2,000 or more feet 
lower, lying in deep valleys shut out from winds and surrounded by great fields of 
lava with red hills and a red, sandy soil of unknown depth. The heat here is almost 
unendurable and the rain-fall is almost nothing. This region is valuable for the fruit 
and cotton that it raises. 

Washington County. — This county is situated in the southwestern corner of the Ter- 
ritory. The area is 1,649,920 acres. Of this, 18,892 acres are cultivated. These are 
situated along the Virgin River or its tributaries chiefly. It is estimated that 18,900 
acres could be redeemed by an increase of the water supply. The lower valleys are 
2,700 and the upper 4,000 feet above the sea. In the lower valleys the irrigating sea- 
son is 197 to 228 days long, in the upper 122 to 177 days. The water supply comes 
from the Virgin River, four streams and many springs, capacity 191.8 cubic feet per 
second. In the lower valleys the land is irrigated 84 lo 90 hours per year, and the 
duty of water is 1 cubic foot per second to 20 acres. In the upper valleys the land 
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is irrigated 26 hours per year and the duty of water is 1 cubic foot per second to 60, 
80, and 128 acres. There are 31 canals ; length n ot given . Olie-third of the crops were 
lost this year by lack of water. It is probable that water enough could be stored to 
redeem most of the arable land in this county. Vast quantities of water go to waste 
in the Virgin River in the winter and flood time in spring. The depth of snow in tbe 
mountains is 2 to 6 feet. This county raised 30,000 pounds of cotton last year. The 
Sultana seedless grape is grown here and produces from 3,000 to 5,000 pounds of the 
finest quality of raisins. Both the hard and soft shell almonds are raised in quanti- 
ties here as well as figs. It is believed that oranges can be raised here. Olives are 
grown in this county. Peaches and apricots from this region are very fine. They 
raise 4 to 5 crops of lucerne per year. A crop of small gr^in and another of com are 
raised from the same land. 

Kane County. — ^This county is more rugged than Washington and more elevated ex- 
cept along the Colorado River. It lies east of Washington. The area is 2,659,200 
acres, of which 1,825 acres are cultivated, and 13,350 acres are said to be arable. The 
irrigating season is 182 days long, and the duty of water is from 37^ to 75 acres to 
the cubic foot per second. The water supply, exclusive of the limitless Colorado 
River, is 31 cubic feet per second. There are nine cauals; length not given. The crops 
are greatly damaged by lack of water. Sufficient reservoir sites are reported to irri- 
gate all the arable land in the county. The average depth of snow in the mountains 
is 4 feet. The crops in this county are much the same as iu the foregoiUg, though 
more small grain and hay are raised in proportion to the area cultivated. 

San Juan County, — ^This county lies in the southeastern corner of the Terri tory. Most 
of it is now proposed to be made an Indian reservation. Its area is 5,809,920 acres. 
There is a narrow strip of land along the Colorado and San Juan Rivers that will pro- 
duce the crops of Washington County, and has an unlimited water supply. Most of 
the cultivated area is 5,000 feet above the sea, near the La Sal Mountains. There are 
1,025 acres cultivated. Dry farming is successful in some localities in the mountains. 
There are good facilities for storage of water. 

Other counties, — Small parts of Garfield and Pi Ute Counties situated along the Col- 
orado are capable of raising the same products as Washington County. 

To sum up we find there are about 500,000 acres of land under cultivation at the 
present time. This area could be doubled from the present canals if there were more 
water andTt)y new canals, etc. The various counties estimate that about 3,500,000 
acres could be redeemed. This is doubtless three and a half times too large. The 
average depth of snow in the mountains is 4 feet. The length of the irrigating sea- 
son in the moist counties is one hundred and fifty-two days; in the dry counties it 
is about the same in cultivated areas; in the hot counties it is about two hundred 
days. The returns i^re very unsatisfactory in this respect and must be wholly re- 
vised. The duty of water is about 80 acres to the cubic foot per second in the moist 
counties, in the dry counties it is uncertain, and in the lower hot counties it is 
about 20 acres. The water supply is about 3,000 cubic feet per second for the moist 
counties, 250 for the dry counties, and 250 tor the hot counties; total 3,500 cubic 
feet per second. This is probably our minimum water supply throughout the dryest 
years in the counties reported. If we were to add the supply in tbe Green and Grand 
Rivers this amount would be more than double. Almost all of the present supply is 
appropriated during the irrigating season and our Territory must remain at a stand- 
still without water storage. There are 150 reservoir sites reported in detail and 
nearly as many more mentioned. They vary in capacity from 130 square miles to I 
acre, and from 2 feet to 100 feet deep. About one-third of the crops were lost this 
year through lack of water. 

Utah, Nevada, and Arizona are the most arid portions of the United States, and 
therefore the preservation and economical use of all their water supply is an impera- 
tive necessity. To show how we differ from Colorado and the East, I have prepared 
a diagram of the average monthly rain-fall of Salt Lake City for thirty-three years, 
and of Denver, Colo., and Des Moines, Iowa, since the beginning of observations 
there 

During the irrigating season here Des Moines, a place where irrigation is not nec- 
essary, has a rain-fall of over 2 acre feet and Denver almost 1 acre foot, while Salt 
Lake has less than two-thirds of an acre foot, which would make a difference of about 
11,000 cubic feet to the acre, which must be made up by that much more water from 
the streams to irrigate our land as well as that of Colorado is irrigated. But during 
the same period the relative humidity of Denver is 3 degrees higher and the temper- 
ature 2 degrees lower, which would greatly increase the amount of water required to 
irrigate an acre of land in Utah in proportion to that of Colorado. Besides this, 
Denver is nearly 50 miles from the crest of the mountains, from which a part of its 
moisture is derived, while Salt Lake City is but 10 miles and has a lake of 2,000 square 
miles in area within 7 miles on the other side. "These things make Denver fiiirly rep- 
resentative of northern Colorado in general, while they show Salt Lake City as the 
place with at least 50 per cent, more rain-fall than the rest of the Territory (save the 
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monntains themselves) and with a very abnormal humidity. Therefore what applies 
to Salt Lake in the great amount of water required per acre will apply with redoab 
led force in the dry and hot counties. 

We have had evaporating pans located in various parts of the Territory for the last 
two mouths, and though these were of necessity placed out of the reach of the wind 
the evaporation averaged three-tenths of an inch per day, often running: np to five- 
. tenths of au inch. Had they been placed where the wind could have reached them 
the evaporation would have equaled 15 inches per month. The enormous drain apon 
our water supply can therefore be well understood. This militates against shallow 
reservoirs in the valleys. If Utah Lake were raised 3 feet its water would all be evap- 
orated during the irrigating seasou if none flowed in or out. Enough to irrigate 
83,000 acres would go up in the air. From records kept in the mountains the evapo- 
ration there during the same period was only eight-hundredthsof au inch, and never 
exceeded seventeen hundredths per day. Thei'efore reservoirs iu the mountains are 
at least four times as valuable as those in the valleys. We do not yet know the 
rain-fall in the heart of our mountains, but it will not fall far short of 40 inches 
nor more than 60 inches per auuum. It should be observe<l that though we have 2 
inches more rain-fall in Salt Lake than in Denver, yet but 46 per cent, of it falls dar- 
ing the irrigating season while 73 per cent, of Deuver's rain-fall comes when it is 
needed most. 

The possibility of reclaiming Utah by artesian wells has been greatly overestimated. 
All the wells so far obtained have been found in some one of the basins of the ancient 
lake of which Great Salt Lake is the saline remainder; the area of that lake nevt^r 
exceeds 18,000 square miles. The clay sediment from that lake makes the impervi- 
ous cap of those subterranean reservoirs, whose rims are but slightly elevated above 
the villages, and the reservoirs are fed from the bases of the monntains where the 
surface water runs over the gravel ddbris between the monntains and the <slay rim. 
The average depth of these artesian wells in Salt Lake Valley is about 100 feet, in 
Utah Valley 200, and iu Tooele about the same. In Millard County a few wells have 
been driven with a depth of about 200 feet and a How of one-half to 10 gallons per 
minute through 1^ inch pipe. Since no solid rock is struck in driving theae wells 
they are very liable to clog up in a few years. The flow in Salt Lake Valley will not 
average 25 gallons per minute, though some wells far exceed that. A well flowing 
5 gallons per minute will irrigate an acre of ground. 

ARIZONA AND ITS IRRIGATION CHARACTER. 

Turning southward, Arizona is found to be making considerable pro- 
gress. The southern, or Gila Valley portion of the Territory, and its 
smaller central valleys, offer a considerable area for the farmer when 
irrigation is applied. The difficulties of the problem are found not only 
in the newness of the region, as to settlement, but in the want of sys- 
tem and the confusion of ideas as to the lawful use and control of water. 
The Mormon system would probably bring about in both Arizona and 
New Mexico the same admirable results that it has secured in Utah. 
It is estimated that there are in the Territory about 2,800,000 acres of 
land of the best quality, with surface water sufficient to irrigate the 
same by a reasonable expenditure on ditches. Of the above area not 
quite 300,000 acres are in cultivation. There are at least 10,000,000 
acres of rich land that could be reclaimed by means of artesian and 
other wells, if they can be obtained. 

For convenience of arrangement in considering its agricultural capa- 
bilities, Arizona may be divided into: (1) Tbe Colorado Valley; (2) the 
valley of the Gila and thos€$ of its tributaries, including the Salt Biver 
as far north as the thirty- fifth parallel; (3) the Santa Cruz Valley, the 
isolated locations of Pinal and Pima Counties, and the vicinity of the 
Few Mexico line; (4) the Colorado Chiquito Valley; (5) the southwest- 
em portion of Yavapai County, surrounding Prescott, and the valley of 
the Eio Verde, with its tributaries. 

In one of Lieutenant Wheeler's reports of exploration in Arizona, 
California, and Nevada, a comparison is made between the capabilities 
of certain portions of the Territory and those States, which brings to 
light some important facts. The Arizona portion compared is bounded 
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in longitude l>y the meridians of 111 degrees and 113 degrees 45 min- 
utes, and in latitude by the parallels of 34 degrees and ^ degrees 40 
minates, which include the south-western portion of Yavapai County 
and a small strip of Mohave County, by no means the best agricultural 
region of the Territory, and scarcely up to the average. This is com- 
pared with the eastern portion of southern California, and the southern 
portion of Nevada, in the same latitude: 



Agricoltaral, irrigable, and arable land 

Grazing , 

Barren 



California 

and 
Nevada. 



Per cent. 
2 
6 



Arizona. 



Percent. 
25 
10 
30 
85 



In the Colorado Yalley the soil is rich in the chemical combinations 
requisite for fertility, and only in small patches contains too large a 
proportion of clay. In some places it has also small amounts of chloride 
of sodium and sulphate of lime. The fertilizing reddish mud resembles 
that of the Rio Grande and of the Nile, and its quantity varies from 
0.1 to 0.5 per cent. (1-1000 to 1-200) of the water, which is good to 
drink even when considerably colored by the mud. As compared with 
the aboved-named rivers, it contains less potassa, more phosphoric 
acid, and much more carbonate of lime, the presence of the latter valu- 
able ingredient being due to the immense limestone beds through which 
the river flows in the upper part of its course. 

The following table (mud from the Colorado having been collected) 
exhibits a comparative analysis of the mud of these rivers: 





Colorado. 


Rio Grand?. 


Nile. 


Hygroscopio water 


3.27 
1.14 
0.103 
0.074 


1.890 
3.122 
0.284 
0.064 
1.479 
5.190 
0.080 
3.640 
1.308 
0.092 
Trace. 




Obemicallv bonnd water, soluble in hydrochloric acid 




PotaahT...^7^!:.T!^^.:..."...!^.::.. .^^^ 


0.166 


Soda, with trace of litbia 


0.022 


lime 


1.735 


Carbonate of lime .- . ... ... ... 


12.50 
0.69 




Hagneaia 


0.046 


Oxicieof iron 


1 a 804 


Alomina 


2.26 
0.146 

Trace. 

Trace. 

7a 1 


Phosphoric acid ^ 


0.143 


Snlphnric acid 


Trace. 


Oxide of manganese 




TDsolnable inliTdroohlorio acid 


82.55 









As to the extent to which the Colorado Kiver could be rendered 
available for irrigation, it has been appropriately remarked by geolo- 
gists that the country bordering on the Colorado is the most conspicu- 
ous example in the world of overdrainage ; for nowhere else do we find 
a stream that for hundreds of miles cuts its way 500 to 600 feet deep 
through solid rock. The Colorado, supplied by streams from the mount- 
ains, where rain and snow are abundant, cuts its way through a rain- 
less, and therefore desert, region, in which the only changes are those 
resulting from the direct action of the atmosphere, so that no appre- 
ciable d?bris of any kind is furnished to fill up the excavations contin- 
ued through millions of years, and only limited by an approximation of 
the level of the river-bed to that of the waters of the Gulf of California. 
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Lieutenant Wheeler estimates the area of land drained by the Colorado 
Kiver and its tributaries to aggregate 242,065 square miles, mostly still 
owned by the Government. 

The Salt Eiver V^alley is 25 miles in length by about 14 in width. 
With its estimated 250,000 acres of rich, alluvial soil, capable of pro- 
ducing 25 to 50 bushels of grain to the acre, it ought easily to support 
50,00i) inhabitants, if there were a suflBciency of irrigating ditches and 
artesian wells to fully utilize its natural capabilities. 

Tiie valley of the Gila, though cultivated along most of its course, is 
not available for semi tropical productions in its upper part on account 
of October frosts. The White Mountain Indian Reservation (San Car- 
los) interferes with a continuous white settlement above Florence, as 
the lauds of the Pimas and Maricopas do below it. These latter Indians 
have cultivated wheat, corn, pumpkins, melons, etc., for centuries, and 
have always been self-su})porting, as well as the Papagoes, farther south, 
who, however, depend principally on stock. 

The Gila bottom merges imperceptibly into the foot-hills, and has an 
average breadth of from 5 to 10 miles. Its soil is principally alluvial, 
and will produce two crops yearly. Irrigation is easily effected. The 
river averages COO feet in width, and is 3 to 5 feet in depth when there 
is no rain-fall and no water from the mountains. The banks .along the 
whole of this tract are so low and sloping as to afford unusual facilities 
for the construction of ditches. Excellent crops of wheat, barley, and 
vegetables are grown. In the vicinity of Florence is an extensive tract 
of rich bottom and second-mesa or table-land, on which are now grown 
the cereals, alfalfa, the sugar cane, and vegetables and fruits generally, 
including orange and lemon trees. Fruit culture in the Gila Valley is 
extensive. Cottonwood, ash, and locust are abundant. Farther up the 
valley the Pueblo Viejo has, with its tributary valley of Ash Creek and 
others, at least 100,000 acres of good farming land. 

On tiie uplands and farther up the valley itself, near the line of New " 
MexicD, the daily variations in temperature are much less and the frosts 
begin later. Still farther up its course, within the borders of Kew 
Mexico, the Gila River has upon its margins much good agricultural 
land. The bottom-lands generally are quite rich in potassa and phos- 
phoric acid. 

The valley of the Francisco River, a tributary of the Gila, near the 
line of New Mexico, is good for grazing and timber, and has in general 
a rich soil. The San Pedro River is a tributary of the Gila, its mouth 
being between Florence and San Carlos, and its source in the Huachuca 
Mountains, near the Mexican line. There is good land, good timber, 
and excellent range for stock. Considerable valley land is now under 
cultivation, and irrigation is generally required. 

The Santa Cruz Valley, though smaller in extent, is equally pro- 
ductive in proportion to its area. It is more compact, and all of it is 
adapted to semi-tropical fruits, as well as to the vegetables of the tem- 
perate zone. 

According to information received, about 250 miles of main canals 
have been completed during the past two years, or are under rapid con- 
struction. With the tributary- feeders and laterals southern and cen- 
tral Arizona now has completed, or very nearly so at least, about 700 
miles of irrigation works. As this Territory has always been considered 
one of the most unpromising in the dry and monntain regions of this 
country, these facts are of a cheering character. The most astonishing 
reports are made of the fertility of the areas " under water.^' 
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RAINY SEASONS AND PRODUCTION. 



The physical configuration of Arizona shows it to be, as already 
stated, an overdrained region. This is in itself sufficient to account 
for the unquestioned aridity of a large portion of the Territory, but set- 
tlement and time are proving there, as well as elsewhere within our 
mountain area, that the supplies of water, with proi)or conservation and 
distribution, will be found more important and available than has gen- 
erally been considered at all probable. In the narrow and precipitous 
valleys of Central Arizona there are natural reservoirs, of which, with 
comparatively little outlay, valuable storage basins may be created and 
force obtained to raise the water high enough for reaching extensive 
portions of the mesa or table-lands adjoining the river valleys. Sev- 
eral of the minor streams are known to sink, and their recovery and 
nse for industrial purposes will be found a task not difficult to engineer- 
ing skill. 

There are two rainy seasons, in the winter and summer months re- 
spectively. In the summer the rains are often violent and torrential in 
character, disappearing almost as suddenly as they come. In April and 
May there are often neighborhood showers, seeming to be limited in 
area, as if the currents in their passage from the Southern Pacific, com- 
ing through the Gulf of California, were broken by the higher peaks 
andwhirl^ incircular eddies over the sections visited. They are known 
by the Mexicans and Indians as " shepherd rains." 

The population is rapidly increasing, especially in the southwestern 
and central portions of the Territory. The immigration into these sec- 
tions aggregates 5,000 persons yearly, and the increase for the Territory 
for the last ten years will average fully 10,000 per annum. The returns 
from the different counties to the Territorial auditor for the present year 
show a total valuation of $27,231,424.47. 

Arable land with water that sells at from $20 to $75 per acre is as- 
sessed at from $5 to $15 per acre. There are assessed 5,985,358 acres 
in the Territory, al)out 5,000,000 of which is embraced in the grant to 
Atlantic and Pacific Railroad, and assessed at 20 cents per acre, which 
is being sold at from $1 to $10 per acre. The entire valuation on land 
is $3,285,212.60, on landed improvements $1,931,440.83. There are as- 
sessed 552,718 head of cattle; the actual number in the Territory will 
fall a little short of 2,000,000. The estimated population is by counties 
as follows : 

Yavapai 16,000 

Maricopa 16,000 

Apache 12,000 

Mohave 5,000 

Gila 5,000 

Graham :... 12,000 



Cochise 1 14,000 

Pima 14,000 

Pinal 8,000 

Yuma 3,000 



Total 105.000 



The lands covered by canals and ditches is in — 



Acres. 

Apache County 6,900 

Yavapai County 40,3G0 

Gila County 7,600 

Pinal County 71,600 

Graham County .* 47, 000 

Maricopa County 321,000 



Acres 



Yuma County 40,000 

Pima County 7,500 

Cochise County 23,500 

Moliave County 1,000 



Total 566, 4(H) 

Of land requiring no irrigation the amount entered and occupied is 
estimated at 100,000 acres, lying principally in the counties of Apache, 
Yavapai, Graham. Pima, and Cochise, of which one-half has been cropped 
the present season. ^ . 
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I value of the agricultur^ product varies according to locality. In 
alley the Salt River bay is baled at $5 per ton ; in Yavapai and 



The 
this vail 

Apache Counties at $20 to $25. Barley is worth here 75 cents per 
hundred ; in other counties from $1 to $2.50. Fruit here is worth from 
$20 to $40 per ton ; in otber counties from $40 to $200. Land in alfalfa 
or grain bere gives a return of from $15 to $25 per acre; in other coun- 
ties from $30 to $50. Fruit in tbis and tbe Gila Valleys gives a return 
of $100 to $200 i)er acre, and in otber localties more or less according to 
yield. The value ol* product from every acre of land cultivated in Ari- 
zona can safely be placed at $30, which will be largely increased in the 
southern valleys as the orange, tig, grape, apricot, and otber fruit-trees 
and vines now being planted come into bearing. 

The value of the products of the Territory for 1889 was as follows: 

Agricultnral and horticultural $9,207,000 

Live-stock — horses, sheep, and cattle 6, 000, 000 

Gold and silver 4,431,500 

Copper 2,000,000 

Lumber, wool, etc -.-- 1,500,000 

Total 23,138,500 

In the Territory the amount of land that can be reclaimed through a 
proper system of reservoirs and canals, conserving tbe storm-water for 
irrigation, is very large, being variously estimated from 0,000,000 to 
8,000,000 of acres, fully two-thirds of which, lying below the thirty- 
fourth parallel and not in the mountains, can be made available for the 
cultivation of those citrus and deciduous fruits that make horticulture 
most profitable in all semi-tropical countries. 

Mr. Parish, immigration commissioner, from whose report the fore- 
going is condensed, testified as follows as to fertility : 

We grow as fine lemons as you would wish. Along at Florence they have grown 
splendid olives. In this valley our olive trees are not far enough advanced to tell any- 
thing about ; but they have grown them up there. We have planted out here some 
22,000 orange trees, experiments in growing that have been successful. Peaches, 
pears, and apples are not so good. They grow to great perfection so far as size is 
concerned, but they lack flavor. We grow the crab-apple, prunes, and dates. Every 
variety of figs is a natural product here. The date is produced here seven years 
from the seed, and in bunches of from 5 to 25 pounds. And we grow wheat here — 
I should think about 1,800 to 2,000 pounds to the acre. The yield of barley is from 
2/000 to 2,500 pounds to the acre, and solnetimes as high aa 3,000 and 4,000* pounds. 
Alfalfa is the principal crop. We cut that from three to four times a year^ and we 
cut from 6 to 8 tons to the acre. 

The total area of ditch construction and acreage under water is esti' 
mated as follows : 



County. 



Apache... 
Goohise...< 
Graham ... 
Maricopa. 
Pima , 

Pinal 

Yavapai... 
Yaraa 



Total. 



canals, length. ^.^^ 



10 



* In Pima Reservation. 



Miieg. 

51 

60 

304^ 

52 

50 

78 



740i 



Acres. 
r2,500 
8,300 
35,000 

194,400 
30,000 
78,000 

*50,000 
40,000 
81,000 



629,200. 



These figures are entirely taken from county reports. The ditch sys- 
tem constructing in Tuma County will, when completed, have a total 
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length of 241 miles and an acreage of 207,000. The total cost will be 
$1,318,000, or nearly $5,500 per mile, ^he canals under way in Mari- 
copa County will, when completed, cover 404,900 acres and have a total 
length of 425 miles. Apache County reports 150,000 acres reclaimed, 
Pima County 2,500,000 acres, and Cochise 310,^000 acres. Of the area 
"under ditch" about two- thirds are actually cultivated. 

THE FERTILE SALT RIVER VALLEY. 



Maricopa County is the central and, agriculturally speaking, the most, 
important section of Arizona. From a report the following statements 
are quoted : 

In the Salt River Valley the following canals have been taken from the Salt River: 



Kame. 



Arizona. 

Grand 

Idaricopa 

Salt Riv6r Valley 
San Francisco ... 

Tempe 

Mesa 



Length. 



Milet. 
41 
22 
14 
18 
9 
19 



Name. 



Utah 

Farmers 

Highland... 
Butch Ditch 

Monterey 

Griffin 



Length. 



MUea. 



6 
5 
22 
4 
4 
3 



These water-ways cover in the aggregate 250,000 acres of land, of which 187,500 
/lave heeu reclaimed and 125,000 acres are annually cultivated. 
On the Gila are the following canals which have heen completed : 



Name. 


Length. 


Acres. 


Name. 


Length, 


Acres. 


SuclcBVB ••.•.••.••••••...•-• 


MUes. 
30 
8 
12 


20,000 
5,000 
6,000 


Goald & Bro.'s ............. 


MUea. 
8 
22 
14 


3,000 


Gila River 


l*aln)er .....a............... 


12,000 
6,000 


Enterprise ---« 


Citrus -- - 







Besides which are the following canals now in process of construction: The mon- 
arch ditch, 8 miles long, which will cover 2,000 acres ; the Gila River Irrigation 
Company, which taket) the water at Black Butte, below the mouth of the Hassa- 
yampa River. The company have 12 miles of their canal completed and propose to 
put in a dam 1,755 feet long and 75 feet high, and carry the water south and south- 
west, taking in the entire valley on the south and east sides of the ri\rer to the line 
of Yuma County, making a canal 75 miles long and covering 500,000 acres. The Gila 
Bend Canal Company starts from Gila Bend on the south side of the river. They 
have completed 22^ miles of the canal, which is to have a total length of 30 miles and 
cover 18,000 acres. Under this canal about 3,400 acres have been cultivated this sea- 
son. The same company are building a large canal, taking the water about 2 miles 
above and running southwesterly a distance of 50 miles, intending to reclaim 80,000 
acres, mucl^ of which has been filed upon. 

Owing to the dryness of the atmosphere, the evaporation is very great in the val- 
leys. During the summer months it will average about four-tenths of an inch every 
twenty- four hours, so that reservoirs sh ould, wherever possible, be constructed in the 
higher altitudes. 

In the irrigation of lands it is the gen eral policy of our people to flood them in 
winter, when water is abundant, which, by creating a reservoir of absorption, make 
frequent and heavy irrigations unnecessary during the months of June and 
July, when water is scarce. Since the first settlement of the valley of the Salt River 
the water has risen 30 feet nearer the surface. In some places fruits and alfalfa are 
grown without irrigation. It seems reasonable to suppose that when the lands on 
the high mesas along the foot-hill mountains are more generally cultivated the area 
of land requiring no irrigation will be very largely extended. Another fact is notice- 
able : The water used in irrigation, except that lost by evaporation, percolates through 
%he soil and finds its way back to the river. More water flows into the Gila from the 
Salt River in the dry season, covered by the months of May, June, and July, than 
before the first canal was built in the valley. Forty miner^s inches of water is calcu- 
lated to make a cubic foot flow per second. One miner's foot is Quflftcieut to cultlv^tO 
3 acres ia ^rain or ^falfa, and 5 aQrei^ iu fruits or vineyardt _ 
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The priacipal graiu crops of the county are wheat and barley. The past season there 
has been prodttced about 40,000,000 pounds of barley and about 30,000,000 "iiounds of 
wheat. The yield of wheat is from 1,200 to 1,800 pounds per acre, and of barley from 
1,800 to 3,000 pounds per acre. Sorghum and sugar cane are grown to a considerable 
extent for the sugar they contain and for feed. Corn is not extensively raised, being 
confined to a few hundred acres each year. Oats are a native of the soil, and are cut 
in quantities evey year for hay. Timothy, Bermuda, and blue grass do well, but al- 
falta is the principal grass grown. Once rooted, it requires no attention except to ir- 
rigate it three or four times during the year; grazed, an acre will support two and 
a half head of horses during the year, and from ten to twelve head of sheep or hogs. 
It can be cut from four to five times annually, and yields from 6 to 8 tons to the acre 
The hay is very nutritious, and as a posture for all kinds ofstocic can not be surpassed. 
Three and four year old steers driven from the ranges upon alfalfa pastures gain, if 
poor, two pounds per day for the first three months, becomming at the end of that 
time, most excellent beef in any market. 

The mesquite and Cottonwood are native trees, but the ash, cork elm, pepper tree, 
catalpa. willow, umbrella, lombardy poplar, North Carolina poplar, mulberry, palm, 
magnolia, locust, and tamarack have been introduced with marked success. 

Up to five years ago very little fruit of any kind was grown in the county, and 
that only by way of experiment. Since then the planting of orchards and vineyards 
has increased every year. It has been fully demonstrated that no better section 
exists for the growing of nearly all citrus and deciduous fruits. In the Lower Gila 
Valley lemons, oranges, figs, grapes, and pomegranates can be grown in great per- 
fection, but it is not well adapted to the culture of other fruits. In other portions 
of the valley, and through the valley of the Salt River, peaches, pears, apricots, pome- 
granates, figs, French prunes, apples, oranges, almonds, quinces, dates, blackberries, 
and strawberries, and every variety of grapes, grow in perfection. 

There are now planted through the Salt River Valley 8,000 acres in vineyard and 
3,000 in orchard trees. Of oranges 200 acres are in cultivation ; from experiments 
made the growing of this fruit will be a success. Olives have been planted in an 
experimental way. It is too soon to speak confidently as to the results, but as they 
have been successfully cultivated near Florence, in Pinal County, there seems to be 
no reason to donbt that good results will attend their culture in this county. Apri- 
cots, peaches, and kindred fruits bear heavily, yielding from 300 to 500 pounds per 
tree. Vineyards in full bearing give from 6 to 8 tons to the acre. Raisins have not 
yet become an export commodity with us, but will be in a short time; the muscat of 
Alexandria grown in this valley contains a greater quantity of saccharine matter 
than elsewhere, and from experiments made in raisin making we are justified in the 
statement that 3 pounds of this grape will make 1 pound of raisins, which is greater 
than in any part of this habitable globe. Another advantage which our county has 
in the prosecution of this industry over raisin districts of Spain or California is 
that the drying and curing can be done in the open air without damage from rain or 
dew. 

Some experiments have been made in the manufacture of sherry wine, with satis- 
factory results. All our wines have a strong sherry flavor, and expert viticulturists 
who have examined into the matter claim this to be the only port and sherry district 
in America. On this subject the Hon. J. De Barth Sliorb, commissioner at large oif 
the State Viticulturist Society of California, writes: " I directed what should be done 
with one barrel of so-called white wiue, from the Salt River Valley, as a matter of 
experiment, and upon examination a few months later, found, as anticipated, it had 
turned into a sherry of most excellent quality. I have no hesitation in saying: that 
the PhoBuix country is the only port and sherry country in America ; so far as known, 
and with trained judgment in the selection of proper varieties of grapes adapted to 
your conditions, wines of the highest commercial value, if scientific methods be sub- 
stituted for those now in vogue in the manufacturing of the wines, will be the inevit- 
able result." 

The growing of early and late vegetables will also, when railroad facilities are 
general, be a source of great profit to the people of this country — a country that pro- 
duces fresh fruits and vegetables every month in the year ; where grown in the open 
air peaches, figs, tomatoes, and cantaloupes can be gathered in December, and where 
the soil, a rich alluvial, varying in depth from 10 to 12 feet, inexhaustible in 
its durable fertility, will assuredly be the center of a great and prosperous community. 
Such are the mesa lands of this county. When reclaimed all vegetation has most rapid 
development. 

The Cottonwood and North Carolina poplar grows from 18 to 20 feet in a season, 
fruit trees from 12 to 15 feet, grape-vines from 25 to 40 feet. ^ 

The Indians occupying a reservation in this county have cultivated their land for 
two hundred years without apparent injury to the soil and without change of seed. 
After their crude method of farming they raise better crops of graii\ t/h§U ftro harvest64 
m ^ny Qt tbQ wheat-growing districts \ix tl^o Mt99i99ippi Valley, OoOqIc 



LAND AREAS CULTIVATED IN COLORADO. 



63 



COLORADO AND IRRIGATION. 

Colorado is as notable for the physical data it offers in relation to irri- 
gation as it has already been shown to be in the leg^al aspects thereof. 
Prof. L. G. Carpenter, of tbe State agricultural college, reported in 
January, 1890, the following as the 



Approximate areas ** under ditch " in Colorado. 

A n-a. 



Division T (PlHtte Diviaion): 

Platte Valley, below the Poiulre - 

Platte Valley, above the Pondre, including]; Bear and Clear Creeks. 

St. Vrain and Boulder Creeks 

Big and Li ttl e Thom pson 

Cache La Poudre 

Total from South Platte 

From North Platte in North Park 

Division II (Arkansas Divisiou): 

East of Huerfano River 

Cacharas . - * 

La Yeta and Apache 

Upper Arkansas and Fontaine 



Total area. 



iSfj. mUes. 
'2Hli. 21 
551. G4 
294.59 
134. 21 
393.54 



Division III (Rio Grande Division) , 

Division IV (San Juan Diviaion), including Dolores, Manoos, Pine. 

Florida, La Plate Rivers 

Division V (Grand River Division) 

Division VI (Bear and White River Division) 



Total. 



4»9.08 
94.40 
84.17 

206.91 



<SV/. inilcs. 



1,657.20 
101. 23 



774.56 
1.564.00 

135.00 
210.00 
110.00 



4,552.00 



Acres. 



64.787 



405. 718 
1,000,960 

86,400 
134,400 
70, 400 



2,913,273 



By this table the total amount of land under ditch in Colorado at 
present is not far from 4,500 squjire miles, or 3,000,000 acres. The 
amouut of land actually irrigated can not be so reliably estimated at 
present. It is much less than that under ditch. 

Professor Carpenter estimates the total irrigated as not over one- 
third. This is apparently below the actual results. State Engineer 
Maxwell had presented in September, 1889, the following figures as a 
careful statement of the area east of the Rocky Mountains : 





No. of 
districts. 


Miles of 
ditches. 


Acres. 


Divisions. 


Under 
ditch. 


Actually 
irrigated. 


No.1 Platte 


14 
13 
8 


2, 067. 36 

943. 30 

1,033.68 


1, 120, 800 
440, 240 
596,097 


631, 036 


No.2 Arkansas 


116, 047 


No. 3 RioGrande 


250, 263 




Total 


35 


4.044.34 


2, 163, 137 1 flfl7 348 









In the three eastern divisions there are also one hundred and sixty-two 
reservoirs, with a record capacity of 5,319,930,788 cubic feet, capable of 
famishing one acrefootof water to each of 122,199 acres. The total num- 
ber of ditches, large and small, in the State is estimated at 2,000, and 
their mileage at 5,000. The duty of water is placed at 1.45 cubic feet per 
second for 80 acres. In some sections it is over 100 acres, however^ 

The State engineer, Mr, Maxwell, has reported the following : 

For the distribation, under the irrigation laws of this State, of the water from the 
Qataral streams to the irrigating canals, ditches^ and reservoirs, the State is divided 
into six irrigation divisions and 8ixty-eij»ht water districts. 

In a general way, the first division comprises that portion of the State which is 
drained by the North and South Platte Rivers, the second division of that portion 
drained by the Arkansas River, and the third division of that portion drained by the 
Hie Grande. 

' These three divisions compose the **Ea8t©ru Slope," or ftll that part of thoStatO 
vhioh 4raii»s mtiQ tbe Qulf of Me^co, 
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EASTERN SLOPE. 

Tabulated statement showing the number of miles of irrigating canals and dit€he$y the num- 
ber of acres of land under such canals and ditches, and the number of acres of land aotw 
ally irrigated by such canals and ditches, 

fCompiled from data in the State engineer's office.] 
SOUTH PLATTE DIVISION, No. 1. 



No. of 

water 

district. 



Name of principal stream in district. 



South Platte 

do 

Cachw le Poadre 
Iti^ Thompson... 

StVrain 

Bowlder Creek.., 

Clear Creek 

South Platte .... 

Bear Creek 

South Platte 

North Platte .... 

do , 

do 

Total 



Ditches. 



MUes. 

238.00 

150.00 

340.76 

236.66 

225.50 

125.00 

240.00 

206! 50 

50.00 

61.50 

124.00 

61.45 

&00 



Under 
ditches. 



Acres. 

150,000 

174.000 

207,360 

80,690 

92,460 

89,580 

98,558 

131, 537 

6,915 

23,270 

46,980 

24,330 

800 



2,067.36 1,126,800 



A.ctuallT 
irrigated. 



Aeres. 

39,719 

46,233 
103,886 
69.908 
80,656 
72,896 
66,405 
53,110 
3,742 
20.920 
41,080 
21,470 
4 



631,030 



ARKANSAS DIVISION NO. 2. 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

66' 
67> 



Fountaine que Booille 

Arkansas ..., 

do 

Grape Creek 

Arkansas 

St. Charles 

Huerfano 

Arkansas 

Apishapa 

Purgatoire 

Various 

Total 



53.00 

46.10 

34.00 

3.00 

02.50 

91.60 

840.00 

167.50 

24.00 

58.10 

29.70 



943.30 



32,680 
39,830 
38,760 
600 
13,604 

7,314 

32,129 

224,640 

6,700 
38,380 

5.490 



440,240 



18,000 

34,700 

25,620 

540 

7,266 

4.643 

12,647 

38^700 

0,000 

25,600 

2,493 



116,047 



RIO GRANDE DIVISION, No. 3 (SAN LUIS VALLEY).* 



20 


Rio Grande 


300.00 
175.00 
160.00 
(0 

227.78 

143.80 

5.60 

21.50 


398,140 
57, 711 
45, 711 
(t) 

42,425 

33,380 

570 

18,160 


98,515 
45,098 
33,340 
(t) 
31, 315 
28,000 
600 


21 


Alamosa... 


22 


Conejos. ....... ........................................ 


24 


Cnlehra and Costilla 


25 


San Luis Creek - •.... 


26 


Saguache .- .......... 


27 


LaGarita 


35 


Trinchera 


13,500 




Total 




1,033.68 


596,097 


250,263 







^ The records r(datiug to this division are not complete. 
RECAPITULATION. 



t No data. 



Division No.l 


2,067.36 

943.30 

1,033.63 


1,126.800 
440.240 
606,007 


031,086 
110,047 


Division No. 2 1 


Division No. 3 


250,203 






Aggregate - 


4,044.29 


2,163.137 


907,340 







Total area of ari4 laud, 30,099,000 acres. 
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Colorado (eaaiem slope), — Tabulated summary of reservoirs so far as the came are of 
record in the office of the State engineer. 

DIVISION No. 1. I 



Diatriet. 


No. of 
reaer- 
Yoirs. 


Area. 


Capacity. 


• 


10 
8 
S 

1 
2 
21 
14 
18 
1 


Acres. 


Cubic feet. 

27,419,530 

538,787,000 

188.994.950 

180,000,000 

165,164,080 

1,114,089,460 

1,688,881,817 

263,778,940 

2,214.32» 


Second....* 1.. 


Third 


Fourth 


Fifth _ ----- _ - . - - - - - 




Twenty.third „ 


Total 


75 




3,168,780,082 





NOTB.— The above number i>foahic feet of water would farnish 1 foot in depth for 72,746 ac^es. 

DIVISION No. 2. 



Tenth 


20 
3 

17 
8 

20 




115, 937, 752 

20,613,408 

1,011,596,143 

98,329,398 

823, 524, O05 


Eleventh • 


Fourteenth 


Sixteenth 


Seventeenth.......... ^..-z 




Total 


77 




2,069,000,706 





Note. — The above amount would furnish 1 foot in depth of water for 47,495 acres. 

DIVISION No. 3. 



Twenty-second.. 
Twenty.flfth.... 
Twenty-sixth..-. 
Twenty-seventh . 



Total. 



10 



16, 000. 000 

66, 000, 000 

50,000 

109.000 



82, 159, 000 



. Note.— The above amount would furnish 1 foot in depth for 1,885 acres. 
GENEEAJL RECAPITULATION. 



Division. 


No. of 
reser- 
voirs. 


Area. 


Capacity. 


First w 


75 

77 
10 


Acre». 


Cubicfeet. 
3, 168, 780, 082 


Second 


2, 0(i9, 000, 706 


Third 


82, 159, 000 






OTflTifl aiTirrftcrftffl ..-^ .. .................. 


162 




5,310,939,788 







Note.— This total amount of water would furnish 1 foot in depth of water for 122,129 acres. 
ITS AGRICULTURAL PRODUCTIVENESS. 

Colorado is especially adapted to the production of the grains, 
grasses, and roots of the temperate zone. The eastern foot-hills are 
found valuable for the fruits thereof, while in the valleys of the west- 
ern slopes the finer fruits, such as grapes, apricots, etc., can be profit- 
ably raised. In the San Juan, to the soiuthwest, the semi-tropical 
138 A L-AP VOL IV 5 ,^g,^^, ,y Google 
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fruits and crops will be cultivated successfully on the mesa and valley 
lands. 

Of the area of Colorado, 98.2 per cent, is not in farms. Of tillable 
land the area is 23.8 per cent. ; . grass land, 29 ; woodland, 3.8 ; and the 
unproductive is rated at 43.4 per cent. Colorado stands as to produc- 
tivity as follows : 



Bushels 
X>er acre. 



Average. 



Com.... 
Wheat., 
Oats.... 



27.7 
19.6 
3L7 



24.2 
12.3 
27.0 



From 1884 to 1889, the public domain lying within the borders of 
Colorado has been occupied to the total of 9,155,561 acres. This is 
within less than 1,000,000 acres of the total amount of arable land 
which, in 1880, the public lands commission declared was the whole 
arable area left for settlement. It is evident that the specialists do not 
know all the facts or are able to accurately forecast the future. 

ONE OF ITS LARGE IBEIGATED AREAS. 

In the San Luis Yalley there is 468 miles of ditch. One canal, known 
as the Bio Grande Canal, is the largest in operation at present in the 
West. There is 312 miles of ditch system. The canal at the head is 
80 feet wide on the bottom, and will finally supply water to about 
240,000 acres of land. The conditions and character of the soil of the 
San Luis Valley, on the Rio Grande Eiver, in the southern part of the 
State, are different from other sections of Colorado. That valley 
has' an area of 5,000 square miles, and probably 3,000,000 acres couid 
be redeemed if the water is there to do it with. Altogether, in the San 
Luis Valley, there are above it 1,150 or 1,200 miles of canal, supply- 
ing about 1,500,000 acres of land. The water supply is not suf&cient 
to irrigate those lands at all times. 

The Rio Grande River carries a large amount of flood water during 
the summer months. There are probably six weeks during the average 
year wimen there will be sufficient water to irrigate the entire valley if 
it could be relied upon. There are fine sites within the mountains adja- 
cent to the valley for building reservoirs. 

In order to redeem that entire area it is necessary to conserve the 
water. With that area 150,000 or 200,000 people can be supported, but 
with the present irrigating facilities and water supply not more than 
60,000 people. The soil is good. The altitude is about 7,500 feet, but 
the latitude is such that it gives a good locality for irrigation. The San 
Luis Valley, the largest valley in the Rocky Mountain region, has a soil 
somewhat peculiar and different from the soil on the eastern slope of 
the mountains. It is underlaid by a. heavy stratum of drift. 

Artesian water is found in the San Luis Valley at a depth of 800 
feet, a very full flow of water that will cut a figure sometime in the 
progress of irrigation ; but even with such artesian and all the surface 
water, the valley will not be reclaimed without storage. 

Most of San Luis Valley is still public land, but the State has 
some 200,000 or 250,000 acres therein. In order to induce capital to 
vinest, the State has passed a law providing for the sale of the State- 
land in alternate quarter sections at $1.25 per acre to any company 
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that would build a canal large enough to supply the entire area. They 
require the canal company to make a contract and give a bond and 
supply that land. Capital is not, however, ready to go in and investi- 
gate and make the expensive examination necessary to ascertain whether 
sach canals are feasible. There are a number of canal and other irri- 
gating projects, especially in the western and southwestern portions 
of the State, that would be undertaken if it could be demonstrated they 
were feasable, but in order to demonstrate that it would require the 
expenditure of considerable money. 

If the information could be got and promulgated, showing that these 
schemes are feasible, capital might be induced to go in and construct 
them. That is especially true in Grand Valley. This valley, extend- 
ing from Grand Junction over to the valley of the Green, in Utah, em- 
braces a fine section of land, but to build a canal that would reclaim 
the whole of the land that is irrigable therein would require much 
money. Beconnaissances have been made to ascertain that, and it 
was ascertained that the canal would cost probably $2,500,000. 

THE HISTORY OF GREELEY AND THE FIRST IRRIGATION COLONY. 

Union colony is situated in Weld County, State of Colorado. It was 
located in the spring of 1870, and the town of Greeley was laid out and 
' building and other improvements commenced at the same time. The 
town is located in sections 5, 6, 7, and 8, township 5 north, range 65 
west of the sixth principal meridian ; latitude 40o 25' north, longitude 
270 48' west from Washington ; elevation above sea-level, 4,800 feet. 
At the time the colony and town were located the whole country was, 
with few exceptions, in its natural state, no improvements having been 
made except in a small way along the river. A few small irrigating 
ditches had been built to water portions of the low bottomlands, and 
sufficient farming had been done by the early settlers to demonstrate 
the fact that good crops of all kinds usually grown in this latitude 
could be raised successfully. 

The mesas or uplands were regarded as worthless for farming pur- 
poses, and only valuable for grazing, many of the best informed ex- 
pressing the opinion that large and long irrigating canals to water the 
higher lands would be a failure. In support of this view it was said 
that the water would seep out and be lost before running in a canal any 
great distance, and that the land would be quickly exhausted if farmed, 
and various other reasons why upland farming would be liable to prove 
unsuccessful were pointed out. 

Notwithstanding all the uncertainties that must be encountered, the 
projectors of "The Unibn Colony of Colorado," located in the Cache la 
Poudre Yalley, purchased the land they required from private owners, 
and the Denver Pacific Eail way Company homesteaded and pre-empted 
Government land, laid out the town, and proceeded to build irrigating 
canals to water the same. About 2,600 acres of land was bought of pri- 
vate owners for $28,000 and 9,300 acres of the railway company for 
$31,000. 

The colonists contracted with the railway company for all the land 
owned by them lying within the colony limits at an average price of 
$3 per acre. The Government land was acquired by the colonists under 
the homestead and pre-emption laws. The total amount of land orig- 
inally occupied by the colony was about 30,000 acres, and remains about 
the same. Soon after locating the colony built a fence some 40 miles 
in length, inclosing all their lands, including the town. This fence is 
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Still maintained, havinjj been legalized by an act of the State legisla- 
ture and being managed by a fence company. Each piece or parcel of 
land pays an annual tax lor iti maintenance, the annaal at»sessment 
being about $10 for each 80 acres, and in like proportion for larger or 
smaller tracts. No stock of any kind is allowed to run at large Inside 
of this fence, and none have tound it necessary to fence their premises, 
either in town or outside, except for their own convenience. The colony 
originally divided the land owned by them outside of the town limits 
into lots of 5, 10,' 20, and 40 acres each, according to their proximity to 
town, and deeded them to members, with perpetual right to water from 
the irrigatitiig canals, for $150 each. 

Other members bought land of the railway company for $3 per acre 
or homesteaded or pre-empted Government land. To these the colony 
sold right to water in perpetuity for $160 for each 80 acres. All water 
rights are taxed annually a sufficient amount to pay for superintendenee^ 
maintenance, and improvement of the main canals, generally from $12 
to $24 annually for each 80 acres and in proportipn for smaller subdi- 
visions. Few of the colony farmers have more than 160 acres ; gen- 
erally they have 80, and in some cases as low as 40 or even 2(K 

The land occupied by the town, some 800 acres, originally cost the 
colony about $10 per acre, or $8,000. It was subdivided into about 
fifteen hundred lots of suitable size and sold to members at. an average 
price of about $300 for each ($50 for comer and $25 for inside lots), 
making about $45,000 as the amount received by the colony for lots. 
The cash value of such lots was lawfully $300 each, making $450,000. 
The outside or farming land originally cost members about $5 per acre 
with water, and is worth $30 per acre cash, with actual sales at $35 
and over for land with no improvements except plowing and ditches, 
including water right, the colony having long since sold all the land 
and water owned by them and transferred all their right in the main 
canal used by the farmers to a corporation composed of farmers 
operating under it. This company issued its stock to the water- 
right owners on receiving a deed for their interest, each share of stock 
representing water for 10 acres. In 1878, when this transfer was made, 
the par value was $40 for each share, making the value of an 80-acre 
water right $320. In 1881 the price rose to $100 per share, and it now 
sells at $100 to $125. This stock has actually cost the original owners 
about its par value, $40 per share. When land is sold including water, 
the stock is transferred. Kearly all the larger canals are now owned 
and managed by corporations who have power to levy and compel pay- 
ments of assessments and divide the water equitably among the users, 
thus preventing nearly all the trouble which, formerly attended the 
management of the earlier canals. The water costs the farmer the same 
whether he is situated near the head or at the terminus of the canals, 
and the same principle has been adopted in the management of the sub- 
ditches or laterals, as it has been found that no canal from which a num- 
ber of individuals receive their water can be successfully operated with- 
out a competent head. 

Union Colony constructed two irrigating canals and one for power 
and irrigation. The first canal built was for the purpose oi supplying^ 
the town and adjacent lands lying along the south side of the river. 
This is called canal Ko. 3. This canal was taken from th^e river about 
6 miles west of town, and was run on a grade or fall of about 3 feet per 
mile. Its original size was 8 feet in width at head, and somewhat 
smaller opposite town. Its length is 10 miles. It terminates on the 
delta between the Platte and Cache la Poudre Rivers. As originally 
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constructed it would carry about 50 cubic feet of water per second. 
Original cost about $10,000. It has since oeen enlarged and improved, 
its present capacity being over 100 cubic feet per second. Cost to 
present time, including dam at head, about $25,000. 

The second canal built by the colony was taken out the river, about 
15 miles west of town, for the purimse of watering the farming lands 
north of the river. As originally constructed it W2^s 10 feet in width 
on the bottom at the head and for the first 6 miles, and gradually di- 
minished in size towards its terminus, its total length being 26 miles. 
Grade or fall, 3.2 feet per mile; capacity', 110 cubic feet per second. It 
was calculated to water some 20,000 acres of land. Its first cost was 
$25,000; has been enlarged from time to time, its capacity now being 
585 cubic feet per second. It will furnish water for 25,000 acres in cul- 
tivation, with the usual variety of crops. Cost to date, $80,000, or 
about $3 per acre for land watered by it. It is now 25 feet in width 
on bottom at head, and Ibr the first 10 miles carries water 4.6 feet in 
depth, and is 30 miles in length. The number of water rights of 80 
acres each is 320, giving over 1.8 cubic feet of water per second for each 
80 acres, less about 10 per cent, for evaporation and seepage, of about 
1.6 cubic feet per second for useful effect. As new land in wheat re- 
quires about 1 cubic foot of water for each square foot of surface for 
first watering, it would take over twenty-five days to water 80 acres 
with one water right, but generally only a portion of the tract is sown 
or planted the first year and less water is required after the first thor- 
ough irrigation. 

Very much depends on the surface quality of soil and subsoil and 
amount of natural moisture in the ground, so that no very definite in- 
formation can be given as to the amount of water necessary to irrigate 
a certain piece of ground. The usual experience is that a cubic foot of 
water per second waters from 50 to 60 acres of land sown or planted 
\yith the usual variety of crops. In town more than double that quan- 
tity of water is used, as the more a stream of water is divided up the 
less ground it will water. The farmers find it to their advantage to use 
two or three water rights when irrigating a favorable piece of ground 
by changing with their neighbors. The Cache la Poudre Eiver, from 
which the colony ditches are taken, generally furnishes enough water 
when most is needed. There is generally sufiScient snow or rain to start 
crops in the spring and keep wheat and oats growing until the 1st of 
June. 

During June and July the maximum quantity of water is flowing in 
the river, and it is during these months that most of the crops must be 
watered. The amount of water flowing in the river each day is ascer- 
tained at a gauging station located above all the canals, and the amount 
or proportion of the water to which each is entitled being known, the 
district commissioner or superintendent is enabled to divide the water 
equitably to all. The river or district commissioner is not usually called 
on unless there is a short supply of water, which usually occurs in the 
latter portion of the season. The water commissioner on each canal 
divides the water to each subditch or lateral, and the users divide it 
among themselves. Since the present State laws regulating the division 
anddistributionof water were enacted and putin force very little trouble 
has arisen in regard to the use of water for irrigation purposes. 

The maximum amount of water flowing in the river each year is 
very variable, ranging from less than 2,000 to over 6,000 cubic feet per 
second. As the canals taken from the river have a capacity and use 
for over 3,000 cubic feet per second, it will readily be seen that there is 
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an element of uncertainty as to water supply and the future extension 
of the irrigation system. Water has already been appropriated and 
canals built sufficient to water over 200,000 acres in this valley, and it 
is not probable that this amount will be very materially increased. 
The total amount of water flowing in the riv^r during the year would 
water more than double this quantity of land, but it can only be util- 
ized by a system of storage reservoirs. Comparatively little has as yet 
been done in the way of storing water in the State, and it is not proba- 
ble that much will be done for many years to come. Some natural 
depressions or basins of moderate capacity are used for this purpose 
where they chance to'be available, but no purely artificial reservoirs 
worth mentioning have as yet been constructed. 

The great expense of building and maintaining large reservoirs 
makes it extremely improbable that our water system will be much 
extended in this way. iieservoirs to be of any use must be situated 
above the land to bo watered, and where constructed in this vicinity 
on a small scale the land lying adjacent to them has generally been 
spoiled by the seepage. The parties owning land which is damaged 
by such seepage usually compel the owners of the reservoirs to stop 
using them for storing water. The influence of irrigation on the 
humidity of the atmosphere is very slight, being almost entirely local^ 
and on new landSf outside of the irrigating canals, farming would be as 
certain to prove a failure as it would twenty years ago. 

If any climatic change everoccurs in this locality whereby the humidity 
and annual precipitation is permanently increased, it will not be due to 
the feeble efforts of man. The annual precipitation about Greeley is 
from 12 to 20 inches, the average being 15 inches for the last twelve 
years, as observed in Denver. The destruction of the timber in the 
western mountains must injuriously affect the water supply during the 
irrigating season by leaving the snow exposed to the direct rays of the 
sun, causing it to melt quickly and run off. The advance of the farmers 
Vrom the East with a solid front, plowing up the entire surface, may 
produce some change. If the annual rain-fall was double what it now 
is, farming could not be carried on successfully, except in favored lo- 
calities, the evaporation being so rapid during the growing season. In 
Greeley, situated on what is called the second bench or bottom, some 
25 feet above the level of the river opposite, gardens and lawns must 
generally be watered every week or ten days in dry weather, and the 
farmers do not stop irrigating on account of an occasional shower. 
Much as such increase of natural moisture may be desired, there is no 
good reasons for expecting it, though there is a reasonable certainty 
of producing a more equalizing distribution of local rain fall, through 
the effects of cultivation on the humidity of the soil, and by the influ- 
ence of wind-breaks and other tree plantations in destroying tbe desicat- 
ing effects of the hot winds. 

Although this town and surrounding country has been irrigated for 
many years, raising the ground water, in portions of both town and 
country, nearly to the surface, causing it to partially till many of the 
cellars under dwelling houses, no malarial diseases have been prevalent. 
The surface soil is generally a clay or sandy loam, from 5 to 10 feet in 
depth, underlaid with clear sand or coarse gravel 25 to 30 feet in depth, 
which affords a good natural medium for the rapid transmission of sur- 
face water to lower levels, but within the last few years more water has 
been run on the surface in town than the natural drainage will carry 
away; and we are now constructing deep drains to prevent the water 
from rising above a certain level. Said drains are located from 8 to 10 
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feet below the surface and have a good fall to the river. Oar farmers 
donot-keep much stock, as they do now, as formerly, have outside range 
for them. Alfalfa is grown by nearly all our farmers and yields heavily. 
It is usually cut three times, giving from 4 to 7 tons per acre annually. 
The usual variety of crops is raised, wheat, corn, oats, and potatoes 
ling the principal ones. Wheat is still the main crop, and the quality 
,nd yield are generally good. It produces on an average over 25 bush- 
els per acre, when properly put in and attended to. Average of all 
sown, about 20 bushels. ' Corn is quite extensively grown, and yields 
from 20 to 40 bushels per acre j oats about the same, and potatoes from 
none to 100 bushels per acre, much depending on soil, season, water- 
ing at proper time, blfght, bugs, etc. In town and vicinity market 
gardening is successfully carried on. Of fruits, strawberries and rasp- 
berries are the ones mostly grown for profit. Standard apples are a 
failure, but most varieties of crabs do well.. It would be difficult to 
give the aggregate amount and value of all crops raised in this colony 
without having the report of the State census, taken last year, which is 
not now available. Kearly all the land in the colony has been farmed 
continuously for the last ten years, and much of it longer, but its fer- 
tility does not seem to decrease. 

Crops, TChen properly rotated, do as well now as when the land was 
first broken. Scarcely any fertilizers are used on the farming land, 
and straw is usually burned to get it out of the way. The water used 
in irrigating the land carries a great amount of fertilizing matter, 
which is evenly distributed over the surface, fully replacing what is 
taken from the soil by the crops grown on it ; and it is the general 
opinion of those most conversant with the subject that the soil is prac- 
tically inexhaustible. * 

THE IMPORTANCE OF SMALL FARMS. 

Thomas P. Dunbar and J. E. Burton, witnesses before the Senate Com- 
mittee on Irrigaton, stated as to small farms : 

That they produce a better class of crops, frait, veffetables, hops, and so on. There 
is a large d!emand for hops. I know a man making; 1300 or $400 an acre on hops, and 
a man can easily make $100 an acre on alfalfa. To get the best results a man must 
have a small area and cultivate closely and have a supply of farm-yard manure. Our 
soil here is very heavily charged with mineral matter and is very deficient in manure 
material. He must grow a variety of crops. We do not want men to raise a large 
surplus, but we want large communities and to have the land more closely culti- 
vated, so as to bring our population nearer together, and have them produce every- 
thing that men can and need to live upon. That is what brings wealth into any 
State. All our immigration comes from non-irrigated districts. EverythiA/^ here is 
new to such immigrants. The conviction is forced on my mind that a man is better 
off with 40 acres tnoroughly cultivated than 160 acres half cultivated. You can not 
convince the immigrant of it, however. 

My observation is that a man is better off with 40 acres in the arid belt with every 
foot of it well cultivated, and his crop thoroughly attended to, than he is to have 
160 acres skimped over. The man with 40 acres m the arid belt, well cultivated, will 
make more clear money in the end. I will lend him 25 per cent, more money on 40 
acres of well cultivated land than on 160 acres half cultivated. The men that have 
a section of land have to have machinery and all that. Then a man's water-right 
will go farther on a small farm. His supply of water would have to be all put on at 
the same time. One great thing is to protect the land from the rays of the sun to 
prevent baking. You can not do that with a very large farm. I have often gone 
into an alfalfa field where the alfalfa grows half an inch a day in the warm weatner, 
and within two or three weeks after it had been irrigated the crop was up 6 inches, 
which would prevent the land from being dried up. I have picked up there as damp 
a piece of soil as was wanted. On the other hand, I have been in a wet field that 
had been irrigated a few days before, when there was nothing to protect it from the 
rays of the sun, and the soil was baked hard. 
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With regard to the homestead law, I believe a man should not be allowed to pre- 
empt more thfin 40 acres of land in the aria region. I believe the homestead law 
onght to be amended so that one person conld not acquire more than 40 acres of land 
nnder its provisions in the arid region. My reasons for this position are, first, the 
average farmer could make more money farming 40 acres of land by irrigation than 
he can a larger amount. The homesteader is a poor man, generally. He must bor- 
row the money, at a very high rate of interest, with which to improve his land and 
live upon it, to provide himself with the necessary farming implements. He must 
go in debt for water, and wait for the harvest season for any returns from his toil 
and expenses. If he has 160 acres, his great desire to improve it all causes him to 
buy too much water, too much farming machinery— in short, it causes him to shoul- 
der too much debt. His taxes and expenses are greater, and he is not capacitated to 
farm so much land, and farm it well, and the result is his harvest is no greater tkan 
it would have been had he carefully cultivated a smaller tract. Instead of getcing 
out of debt and 8a\ ing a little spare money to invest in live-stock, or to help derelop 
some other industry in his immediate locality, at the end of ten years he is above the 
average farmer if his quarter section is not mortgaged and a large sbare of his earn- 
ings does not annnally go to the money-loaner. 

Then, again, it is far better for the ditch company for the farmers to have small 
holdings of lands. They are enabled to pay out on their water-rights, or to keep up 
the water-rentals. But a still greater reason is that, if the lu>mesteader could not 
seeure but 40 acres of land, the opportunity for speculators to secure the land in the 
arid region by engaging professional homesteaders to prove up and obtain title would 
be greatly lessen^. There are localities where ditches or reservoirs could and would 
be built but for the fact that speculators have obtained the lan,d in this way. The 
interest of the ditch company and the land-owner ought to be mutual. Where the 
land is held by farmers for homes, and especially where the land is cultivated, it is 
so, and there is but little or no friction between the owners of water and the owners 
of land. 

I also think the law ought to be changed, so as to make the cultivation of the land 
for a given time requisite to obtain title, rather than occupancy. Land thatisculti- 
vated in the arid region must have water. If the farm is once put into a state of 
cultivation and has a water-right attachment there is no danger but that it will be 
occupied and forever after be a home for somebody. But under the law as it now is a 
homesteader may put upon the land a trifling building, ever so small and worthless, 
sleep there occasionally, but in reality live elsewhere, and in a short time have 
title from the Government, called a homestead, which in reality remains wild land. 
The spirit of the homestead law is violated, there is no home upon the land; it is used 
entirely for speculative purposes. I am not stating an exceptional case. In many 
localities it has been and now is the rule to obtain what is miscalled a homestead in 
this way. 

THE WATER-LAW SYSTEM OF THE STATE. 

Colorado, through its courts as well as legislation, was the first State 
to recognize the miner's law of prior appropriation of water as applica- 
ble, with restraining interpretation, to beneficial use in agriculture. The 
State has recognized as fundamental the principle of the public nature 
and property of all natural waters lying within a region so arid that 
agriculture can not be carried on without the artificial conservation and 
distribution of the same. It has applied two qualifying interpretations 
to the doctrine of prior appropriation. One is, that the beneficial use, 
which is the basis of such appropriation of water, must necessarily be 
limited in its application by the wants of all other subsequent users ; 
that is to say, that an appropriation made in days when necessity was 
unknown could not be construed to deprive the members of a growing 
community of their pro rata share after the first or prior appropriator 
had received his portion. The other is, that water being public prop- 
erty, the carriers of the same by means of ditches or other methods 
can claim no ownership or possession in the water itself. Their remun- 
eration is derived from the transportation and distribution through the 
channels they construct to the lauds on which it is needed. 

Colorado has also declared that water companies are common car- 
riers, and their legal status to be the same as that of railroads or 
other transportation corporations. The State, following these lines, 
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early assumed a direct supervision over the whole subject. Its area is 
divided into six irrigation divisions which are again subdivided into 
sixty-eight water districts, each one of these representing in the main 
a distinct drainage or irrigable basin or region, deriving its supply 
from some common source. The State supreme court announced this 
doctrine before it was incorporated into the statutes, declaring it to be 
the common law doctrine for their conditions. Such a decision requires 
two acts to make it valid ; that is, the diversion and use of water for a 
beneficial purpose. 

The statutes of Colorado, therefore, divide the State into irrigation 
districts. Under these statutes the district courts, which are the high- 
est courts of record next to the supreme court, adjudicate what we call 
the priorities of right. These districts are generally arranged with 
reference to the natural streams, and if from the principal natural 
stream in a district one hundred ditches have been taken, the court pro- 
ceeds in the method pointed out by statute to determine the dates at 
which each of these appropriations were made when the ditches were 
eonstructed ; the size of the ditches ; their capacity ; the degree of fall 
of the water. Then a decree is entered which declares, these dates, de- 
clares these facts, and assigns the priorities to these ditches in accord- 
ance with the dates of the diversion. Under these views the use must 
follow the diversion within a reasonable time. The decrees assign to 
these ditch priorities in accordance with the dates of the diversion. The 
nse is thus Connected with that ^i^^rsion. The question of reason- 
able time goes according to circumstances. If the ditch is dug with 
due diligence and the water is applied reasonably soon the priority 
relates back to the date of the commencement of the ditch. It must 
remain a question of fact to be determined at each particular case. This 
decree also determines the quantity going to each ditch. The decree 
of a given district must be considered, and the quantity of water as- 
signed to each particular ditch or to all the ditches taken together in 
the aggregate would constitute the quantity in use or the quantity 
assigned. If there is not water enough, those having priority under 
the decree would get it first. In each district there is an irrigation 
commissioner whose duty it is to superintend the distribution of water 
according to the decrees of the court. The governor appoints a commis- 
sioner for each water district. 

FARMERS' WATER SERVICE AND " RIGHTS.'^ 

The organization of the water-carrying companies is divided into two 
classes. The mutual companies generally divide the ditch into shares — 
each person taking a number of shares—depending upon the extent of 
his property underneath. The amount of water he gets from the ditch 
dependn in that case upon the number of shares he has in the ditch. 
It is divided according to the number of shares. The stock companies 
generally sell the water, or water rights. *' Water rights" is generally 
taken to mean the supply of water necessary for 80 acres of land. In 
such companies they agree, if they have water, to give a defiuite amount 
of water, not exceeding a certain quantity. There are two general 
types of contract; first, a contract made by the company with a man 
to sell him a certain amount of water on certain conditions, provided 
he keeps up his payments. The second is a water .deed, which is given 
to the man in exchange for the first, when he has carried out the pro- 
visions of the first contract. These contracts represent the provisions 
of nearly all companies. ^ I 
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In most cases farmers have a perpetual water ri^ht. Under a few 
canals tljj&y rent water. The prices for peq^etual water rights vary 
with the different canals. . In the San Luis Valley they pay $400 — 
that is, $5 an acre for the perpetual right. In the northern part of the 
State the Larimer and Weld Company have a different price. In the 
case of the North Poudre it is $15 an acre. The North Poudre also 
has a charge of $1,200 for a perpetual right. Another prevailing price 
is $800, and another one is for $1,000. The Arkansas Valley Company 
charges that much. That is for a perpetual water right, but all sub- 
ject to an assessment for maintenance. The farmers are assessed for run- 
ning expenses. Very frequently there is a provision that an assess- 
ment for maintenance shall not exceed a certain amount, say $10 for 
80 acres, for ordinary assessments. Then there is a provision that ia 
case of a very extraordinary difSculty in that ditch, or extraordinary 
repairs, they may be subject to a certain maximum assessment, $20 or 
so. The ditch company is the judge. An extraordinary assessment 
is rarely charged, even when there are extraordinary difficulties. In 
smaller ditches the assessment is more, depending somewhat upon 
the local conditions or the difficulties the company think they may 
meet. In the case of union ditches, the associates keep the ditches 
in repair, and the prices are less, because generally the ditches are 
smaller and the expense of maintenance is less. A small ditch runs 
itself almost. In the small ones it is perhaps from 5 to 15 cents per 
acre per year for maintenance. Each large ditch has a superintend- 
ent, whose business it is to distribute the water. The stock owners 
appoint, or in the case of a mutual company, they have a meeting, as 
every company would have, and make their own arrangements. The 
superintendent is an officer of the comf>any, and he distributes the 
water according to the farmer's holdings in the ditch. In the smaller 
ditches, where they have plenty of water, each man takes all the water 
he wants. 

Colorado has hardly grasped the idea embraced by the district system 
now being organized in California. To meet the evils and inequities 
which have grown up in the State as elsewhere^ under the corporation 
system, an agitation has sprung into existence, on the part of the com- 
l^ned farmers, which makes a demand for State possession and owner- 
ship of all water ditches and their laterals. The State being a large 
owner of land has already found it advisable to construct ditches in 
certain localities in order to make its lands valuable. 

THE IBRIGATION CAPACITY OF NEVADA. 

The are,a of this State is 71,737,600 acres, of which the water area is 
but 1,081,600 acres. The timber is estimated to cover 2,600,000 acres j 
the pastural area is estimated to be 30,000,000 acres, the mineral area 
15,000,000 acres 5 the desert and saline deposit, 3,656,000 acres, and the 
agricultural area is placed at 20,000,000 acres. That is the area to be 
reclaimed, if water can be obtained. 

The State board of reclamation, appointed to consider the question 
of irrigation therein, in the report embodied in your testimony, presents 
a series of statements by counties, which will show an area of 17,981,000 
acres as possible for reclamation, of which area 2,198,000 acres can, in 
their judgment, be reclaimed by wells and springs that are known to 
exist. In Esmeralda County, in the southwest, there is an area con. 
sidered to be reclaimable, and also in White Pine and in Nye County, 
in the southern and eastern part of the State. There are sixty-five ar. 
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tesiaB wells in Nevada. The average altitude of the State is consider- 
^ ably over 4,000 feet above the sea-level. It is a mountain bowl sur- 
rounded by high ranges, and the fact that there is found even that lim- 
ited number of artesian wells would indicate the necessity at least of 
examining into the character of the drainage or under-ground water 
supplies. There are a large number of important springs. 

The trouble with Nevada is, in the main, that the drainage area that 
will most surely supply the water needed for reclamation is found largely 
within the limits of other States and Territories. In the north, the 
^rivers head up' in the northerly and northwesterly Territories. On the 
west, the easterly slopes of the Sierras are unquestionably part of the 
drainage area of Nevada. The great lakes that lie upon the Sierra 
Nevada are mainly upon the eastern slope of those mountains, and the 
waters naturally and properly bejong to the people of Nevada. Take 
Lake Tahoe, 78 square miles of its surface (that is, two-fifths) are within 
the lines of the State of Nevada 5 the remainder is within the lines of the 
State of California.. Lake Tahoe is ranked with navigable waters and 
belongs, then, to the Federal Government. It is all on the eastern side 
of the mountain. The ranges rise from 3,000 to 6,000 fe^t above it. 
Lake Tahoe has a drainage area of at least 1,200 square miles ; the 
valley of the Truckee has a large drainage area. From Lake Donner^ 
and the other lakes that are known aldng that ranges water can be ob- 
tained. Lake Donner has been surveyed and its boundaries meandered. 
It is now reserved for irrigation purposes. SufiScient Water can be ob- 
tained for western Nevada without the loss of a single cubic inch ta 
G^ifomia. By the storage of water in the mountain lakes alone, enough 
can be obtained to reclaim from 1,000,000 to 3,000,000 acres of land. 
Even if it be but 1,000,000 acres it will amply repay all its cost and 
double at once the values of the State.* -^ « 

That land is worth nothing, or very little more than notjiing, now. It 
. would be worth from $16 to $30 an acre if it were watered. That would 
make as prosperous a community as could be formed within the borders^ 
of the Union. Nevada was bom during the war, and by her mines 
hundreds of millions in precious metals have been added to the general 
wealth of the country. The larger proportion of those who have bene- 
fited by that development have left Nevada to struggle through the 
poverty and indifference that are now surrounding her people. There 
are now some 300,000 acres under fence and ditch, about 75,000 being^ 
cultivated. 

* To the 16 inches stored above the 6,000-foot elevation should be added that which, 
falling below the 6,000-foot, melts and rnns down in the spring and early summer. 
The average depth of this snow is about 5i feet, and I estimate its quantity of water 
fronrmy avwage found for snow freshly fallen, viz, 1 inch of water to 11 inches of 
snow. * * * It can be safely estimated that 9,000 square miles of mountainous 
surface will catch this amount of snow in average winters, thus giving 6 inches of 
water ; this added to the amount falling upon the higher altitudes gives 22 inches of 
water, the greater part of which can be, by careful planning, made available for 
irrigation purposes. 

There is not less than 4,800 square miles of the Sierra Nevada Mountains which shed 
water into Nevada. Of this area 250 square miles store annually 14 inches of water ;. 
560 square miles store annually 19 inches of water ; 1,330 square miles store annually 
36 inches of water. All of which that is not lost by evaporation and percolation 
comes down into Nevada, giving rise to the Truckee, Carson and Walker Rivers. 

I estimate the agricultural lands of Nevada at 21,000 square miles. This area will, 
I believe, be increased in the future by the addition of many square miles of foot-hills 
now classed as mountains. Be that as it may, the water supply of Nevada, as I have 
outlined, is sufficient to furnish each square mile of agricultural land in the State- 
with 42 inches of water per annum. — 17. S, Surveyor-General Irish. 



Jigitized by 



Google 



76 



IRRIGATION IN THE UNITED STATES. 



IBBiaATION CONSTRUCTION IN WYOMING. 



Territorial Eugineer Mead reported to the Senate Oommittee on 
Irrigatioti the following tabular statement : 

Irrigation development by distriets. 



s 

DUtrict. 


Total 

No. of 

recorded 

ditches. 


Total 

length as 

stated. 


No. of claims, 
with state- 
ment of 
length omit- 
ted. 


Total 
capacity 
as given. 


No. of ditch 
claims, omit- 
ting state- 
ment of ca- 
pacity. 


Total acre* 

age watered 

as given. 


No. of ditch 

claims. 

omitting 

statement 

qX. acreage. 


1* 


643 
827 
282 


1,322.895 
582.708 
817.419 


30 
31 
91 


5,911.584 
6.649.844 
3,644.078 


48 
53 
72 


482,434.00 
879, 174. 64 
395,563.00 


89 


2 


62 


8 


114 


4f 




^ 


502 
124 
322 
182 
49 
7 


996.398 
196.955 
518.240 
212.510 
91.430 
11.905 


32 
46 
50 
52 

1 


10,422.700 
1,656.325 
1.658.905 
3,005.487 
342.000 
136.800 


57 
36 
96 
79 
25 


440,540.00 
58,162 00 

108,976.78 
35, 395. 00 
42,460.00 
4,180.00 


50 


6 


55 


7 


95 


fi. 


96 


^ 


3 


X 










Total... 


2,438 


4,249.935 


242 


20,88L723 


466 


1,946,875.42 


564 



* Seven reservoirs additional. 

t District No. 4 omitted becanse of incomplete record. 

I Unorganized district 

Of this area of nearly 2,000,000 acres not more than 80,000 acres are 
nnder cultivation other than for stock purposes. 

The best agricultural portion of Wyoming is the northeastern. Only 
a few years ago agriculture in Johnson County was not considered an 
industry worthy of consideration. This was the fact in 1881, as 'the 
following figures of assessed valuation for that year show : 

Cattle in 1881 $1,047,688 , 

Lands in 1881 34,485 

The great distance from railroads and the demand for vegetables and 
grain for home consumption forced the people to experiment with crops. 
The result was startling, and the sequel was that the business of farm- 
ing became a leading industry within the next five years. Land 
^« proved up" is assessed for taxation at a value of $3 per acre, includ- 
ing improvements. It i& easily worth an average of $10 per acre. The 
following table of values from the assessment roll of lands shows the 
increase from 1881 to 18S7 in farming lands : 



1885 $166,032 

1886 229,644 

1887 485,439 



1881 $34,485 

^1882 51,195 

1883 66,160 

1884 .: 147,785 

The real taxable value of this taxable land is at least three times this 
amount, or in 1887 $1,456,317, which is $408,649 more than the value of 
the cattle in 1881. 

But one-fifth of the lands susceptible of irrigation have been arti- 
ficially watered. The total area of irrigable lands is estimated at 
953,000 acres, and at an average value of $10 an acre would be worth 
$9,530,000. Its elevation is only about 4,000 feet. Its streams are more 
frequent and available than any other portion of the Territory. It is 
also one of the best watered counties in Wyoming, being well supplied 
with innumerable streams heading in the Big Horn Mountains and flow- 
ing generally to the northeast and northwest. The water along the 
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foot-hills is clear, cold, sparlLling, and soft. The soil is black and aandy 
loam, and appears to be capable of prodacing wonderful crops, with 
irrigation, of anything that is planted in it. 

The agricaltural proidncts of the coanty are wheat, oats, barley, corn, 
rye, hay, potatoes, vegetables, and fruits. The yields are : Wheat, 20 
to 50 bushels per acre; oats, 25 to 75 bushels per acre; barley, 40 to 
75 bushels per acre ; rye, 20 to 40 bushels per acre ; potatoes, 200 to 500 
bushels per acre; hay, native blue stem, 1 to 2^ tons per acre; timo- 
tiiy, 2 to 3 tons per acre; alfalfa (lucern), 4 to 6 tons per acre. 

As to the future : If one-third of the irrigated lands of this county 
were sown in wheats at an average of 30 bushels per acre, it would yield 
2,340,000 bushels or 130,400,000 poc^pds, equal to 7,244 car-ioadb. If 
one-third of the area was sown to allUf^. it would produee 192,000 tons 
annually, and would fatten 58,400 steers, equal to 2,900 car-loads. Kot 
more than one- fifth of the lands susceptible of irrigation have, been 
watered. The possibilities that may be attained when development is 
complete become enormous. 

AOBIGULTUBE IN THE DAKOTAS. 

The year 1889 was one of exceptional drought.* Even so, the Dakotas 
presented in crops the following results : 



iNorth Dakota. 



Acres. Bushels. 



South Dakota. 



Asres. Bushels. 



Wheat 

Oats 

Com 

Barley 

Buckwheat . 
Potatoes.... 

Flax 

Bye 



2,655,991 

i50,5«3 

30, 022 

3,167 

205 

16, 119 

57, 511 



26, 721, 660 

9,746,093 

1, 000, 175 

45.487 

2,897 

1, 401, 130 

495, 202 



2, 013, 726 

671, 839 

784,655 

127, 338 

2,828 

29,537 

315, 803 

16,587 



17,288,432 

11, 623. 615 

21,831,898 

1,694,875 

29,667 

2, 637, 132 

2, 792, 913 

255,620 



^Statement showing nwnthlyy annual, and average precipitation j in inches^ as recorded at the 
U. 8, Signal Office, Huron, Dak. 



Month. 


1881. 


1882. 


1883. 


1884. 


1885. 


1886. 


1887. 


1888. 


1889. 


Total by 
months 
since 
station 
opened. 


Aver- 
ages by 
months. 


January ..... 




0.14 
0.25 
0.80 
4.18 
4.50 
5.86 
5.88 
1.44 
0.86 
3.37 
0.61 
0.23 


0.17 
0.47. 
0.42 
2.14 
4.45 
433 
6.20 
1.77 
1.68 
1.96 
0.06 
0.61 


0.09 
0.58 
1.53 
2.70 
2.90 
3.18 
5.11 
1.18 
1.26 
1.52 
0.17 
0.62 


0.15 
. 0.22 
0.12 
1.06 
5.20 
6.43 
4.52 
3.89 
2.61 
0.98 
1.50 
0.10 


0.48 
0.16 
0.62 
3.52 
1.68 
1.90 
L60 
5.62 
1.59 
1.26 
L18 
0.74 


0.33 
1.11 
0.64 
3.72 
1.39 
3.98 
4.96 
6.13 
0.15 
0.79 
0.25 
2.09 


0.78 
0.52 
1.22 
0.88 
4.98 
1.10 
3.11 
3.46 
0.19 
0.29 
0.34 
0.18 


1.26 
0.93 
0.19 
3.41 
3.04 
1.04 
3.51 


3.40 
4.24 
5.54 
21.61 
28.04 
26.82 
37.47 
29.80 
11.45 
12.27 
4.65 
4.63 


0.425 


Fehruary ..... 




0.630 


March 




0.692 


^f-::;::; 




. 2. 700 
3.505 


jua^ .... ....... 

•June ........•• 




3.352 


July 


t3.58 
6.31 
3.11 
2.10 
0.45 
0.06 


4.163 


Aujl^ust 

September 

October 

November 

December 


3.725 
1.432 
1.534 
0.569 
0.579 


Total.... 


15.61 


28.12 


23.25 


20.84 


25.78 


20.25 


25.54 


17.05 


13.38 












Total inches for seven complete years, 160.83. Average for seven complete years, 22.98. 
t Station opened July 1, 1881. 
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HYDBOGRAPHIC AND PHYSICAL DATE. 79 

These observations and others mnde show that the Dakotas have 
^sufficient rain-fall to matare all crops, if it comes at the right time. 
This does not always occur, and crops suffer. The table shows 22.35 
inches of rain-fall and melted snow for the year. Beginning with Jan- 
uary, the month of the year when the least moisture is precipitated, 
there is a slight increase of snow-fall in February, which is nearly 
doubled in quantity by the rain and snow*fall in March. In April the 
average rain-fall is 2.5 inches, or twice the dephth of moisture falling in 
the preceding month. This is increased thirty per cent, in May, the aver- 
age precipitation of the month being 3.2 inches, while in June, at just 
the time the rain- fall is most needed to benefit the growing crops in this 
region of late harvests, the maximum precipitation during any single 
month of the year is reached, averaging 3.64 inches. JDunng the last 
half of the year the amount of moisture precipitated each month les- 
sens in about the same ratio as it increases during the first half. By 
seasons we have the following result : In the winter months the total 
precipitation averages 2.26 inches ; in the spring, 9.96 inches ; in the 
summer, 9.39 inches, and in the fall, 3.77 inches. 

There is a difference between the eastern and western sex^tions of the 
two States. The line of the Missouri River will divide them enough. 
On the west, irrigation will be needed on a large scale. Storage in 
reservoirs, distribution by high line canals, is a necessity there. East of 
the river, small storage, local impound, and wells will be of the greatest 
value. 

The altitude of Dakota above sea-level ranges from 800 feet in the 
Bed Eiver Valley to 2,000 on the high prairies between the large 
rivers, the average of the Territory being about 1,500 feet. The most 
elevated section is the Black Hills, where the prairies and table- 
lands gradually increase in height from 2,000 feet to the culminating 
points, 7,000 to 8,000 feet above the level of tide- water. 

iN'orth Dakota has 74,312 square miles and South Dakota 76,620, each 
one still larger than any one of sixteen of the States. The great size of 
the Territory can be understood by comparing it with foreign coun- 
tries, it being larger than England, Scotland, Ireland, and Wales com- 
bined, larger than Norway or Italy, twice the size of Turkey, four times 
as large as Portugal, and ten times the size of Denmark. 

The two new States are distinctly a prairie country, yet there are two 
mountainous regions. The larger of these is known as the Black Hills, 
and while it laps over into Wyoming, it covers an area in South Da- 
kota of about 4,000 square miles. The highest point of the Black Hills, 
Harney Peak, reaches an altitude of 8,200 feet above the sea, while 
other peaks vary from 6,000 to 7,600 feet, the average elevation of the 
entire region being about 5,000 feet, or from 2,500 to 4,500 feet above 
the surrounding plains. 

The Turtle Mountain region lies in Northern Dakota, and includes an 
area of 800 square miles along the international boundary line. It con- 
sists of ranges of hills hardly high enough to be dignified by the name 
of mountains, rising, as they do, but a few hundred feet above the sur- 
rounding prairies. There are only two prominent peaks, Butte St. Paul 
and Bear Butte, each about 3,200 feet above the sea, and only 700 feet 
higher than the rolling plains below. This region, as well as the Black 
Hills, is well timbered. 

The two States have a water surface estimated at about 1,500 square 
miles. Their principal rivers are the Missouri, James or Dakota, Big 
Sioux, Vermillion, Ked, White, Green, Bad, Cheyenne, Moreau, Grand, 
Gannon Ball, Heart, Sheyenne, Little Missouri, Mouse, and Maple. 

The Missouri, varying in width from one-half of a mile to two miles, 
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is the most important. It flows in a general southeastern direction, 
through a course, counting its windings, of fully 1,300 miles, dividing 
the Dakotas into two nearly equal divisions. Analysis has proven the 
water to be the purest river water in the world. Dakota, with the 
Bed Biver of the North, the Missouri, makes the navigable waters of the 
Dakotas. 

The area of the two Dakotas is computed at 96,596,480 acres. Indian 
reservations take up 26,847,105 acres of this great area, soon to be re- 
duced, however, 11,000,000 acres by the opening of the Sioux Beserva- 
tion. Out of the total there is also to be deducted 7,000,000 acres 
granted to the Northern Pacific Baiboad, and 3,000,000 set apart for a 
school fund. Up to September 30, 1889, according to report of the 
various land offices, there has been disposed of 40,184,895 acres, under 
the various land laws. The unoccupied lands are distributed between 
the various land districts, four in North Dakota and Ave in SouUi Da- 
kota, as follows : 

Xarth Dakota. 

Acres. 

Bismarck land district 11,622,500 

Grand Forks land district 560, 200 

Devils Lake land district 4, 182, 930 

Fargo land district 263,833 

Totp,l nnmber of acres 16,629,463 

South Dakota. 

Huron land district ^ 189,100 

Tankton land district * 14,097 

Rapid City land district i 986,189 

Mitchell land district 5,000 

Aberdeen land district 747,940 

Watertown land district 44,960 



Total number of acres , 1,987,286 

There are 3,431,000 acres of unsurveyed land in the Bapid City dis- 
trict to be added to' the total of South Dakota, an acreage, too, soon 
to be increased by the opening of 11,000,000 acres of the Sioux Reserva- 
tion. From the Aberdeen district, however, a deduction of 113,860 
acres located in Korth Dakota must be made. 

Prior to 1862 any land taken up in Dakota was by purchase or pre- 
emption, the homestead law not becoming a law until Mj^y 20, 1862. 
From that date to June 30, 1863, there were 75 entries under this act, 
involving 11,829 acres ; in 1864 there were 111 entries j in 1865, 64; in 
1866,164; in 1867, 187; in 1868, 614; in 1869, 523; in 1870, 576; in 
1871, 861; in 1872, 1,009; in 1873, 1,297, and in 1874 1,778 entries, 
involving 288,162 acres. From 1875 to 1889 the entries under the 
homestead, pre-emption, and timber culture acts have absorbed land as 
follows : 

Acres. Acres. * Acres. 



1875 205,918 

1876 391,645 

1877 212,555 

1878 1,377,948 

1879 1,656,851 



1880 2,268,808 

1881 2,673,213 

1882 4,360,131 

1883 7,317,236 

1884 11,082,818 



1885 4,547,749 

1886 3,075,085 

1887 2,069,668 

1888 1,838,142 

1889 2,382,948 



AaRICULTUEE AND IRRiaATION IN WESTERN KANSAS AND NEBRASKA. 

The Great Plains, estimating as such the semi-arid and arid terri- 
tory between 97^ 30' and 103^ 30' and from British America to the 
Eed Eiver south, that is over 6 degrees, or 400 miles east and west, 
and north and south about 700 miles, will contain at least 180,000,000 
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Profis. Samuel Angbey aud C. D. Wilbur, of the University of Ne- 
braska, are scientists of repute, authors and teachers of recognized 
capacity. Their opportunities of direct observation so well supplement 
these qualifications that the testimony and views presented by them 
must be esteemed of a weighty character. The conclusion they arrived 
at as against the continued aridity of the Great Plains can be stated as 
follows : 

(1) The soil embraced within the area west of the one hundredth 
meridian " is chemically equal to any similar area of soil taken in any 
part of the American continent.^' The professors do not include either 
Arizona or New Mexico, yet both are equal to the other portions of the 
area indicated. 

(2) Water is the only element lacking to insure complete productive- 
ness. 

(3) The homogeneous character of the soil is insured by the fact that 
it is the result of " the decomposition of primary rocks, old sea deposits, 
and glacial agencies, acting through long ages over great areas of both 
mountains and plains." 

(4) The practical question to be settled, then, is the supply of moist- 
ure. 

Messrs. Anghey and Wilbur hold it to be proved beyond reasonable 
question that " the present rate of increase in rain-fall will in a com- 
paratively short time iit this region for agriculture without the aid of 
irrigation." They argued at length in the paper mentioned, as also in 
other publications : 

(a) "That the actual rain-fall from the ninety-eighth meridian west- 
ward, over a consideraJble area, is sufficient to produce successfully root 
crops, fruits, and the cereals." Nearly up to the North Platte the rain- 
fall averages 26 inches per annum, and beyond that for a long distance 
west it amounts to nearly 16 or 17 inches. It falls, too, in the early 
summer, when most needed. 

(b) That the presence of nutritious grasses proves the richness of the 
soil. The buffalo grass as it disappears is everywhere followed by other 
species, far more useful, belonging to the same family of plants as the 
edible grains. The spontaneity and variety of the native flora on the 
Great Plains are also indicative of the richness and adaptability of the 
soil. 

(c) Holding that the moisture and rain-fall are gradually increasing 
from east to west, Messrs. Anghey and Wilbur declare — 

(1) That actual tests, taken in large number, show the practicability 
of ** grass and grain growth in the major part of the lands of the United 
States domain excepting actual rocky areas. 

(2) It is also shown- by '*the western march of grass and grain growth" 
in Nebraska almost to the western limits of the State, 350 miles from 
the Missouri River ; in Kansas clear up to the one hundredth meridian 
and (except as to grain on the uplands, or water-shed regions, and in 
some parts along the valleys of the Arkansas and Smoky Hill; a long 
distance beyond that line, and in Dakota up to the foot-hill ranges of 
the dorsal mountains. 

(3) That the actual increase of the rain-fall is clearly demonstrated by 
observations taken over a period long enough to give consecutiveness 
to the deductions made. 

After citing various authorities, Messrs. Anghey and Wilbur sum up 
their conclusions in the following manner : 

Observation, experiment, and the liigbest scientific authority demonstrate that 
climates in the West are becoming moister and that raln^fall is inoreasing steadily. 

138 ▲ 3>-AP VOL IV— « 



82 » IRRIGATION IN THE UNITED STATES. 

This increase mast extend steadily until the plains oskut of Denver and Laramie re- 
ceive sufficient rain-fall to produce farm products. 

, For these reasons we are compelled to say that any evidence of present dryaess, 
where dryness exists, is evidence only for the present and should not be used to cover 
these areas with the undeserved reproach or curse of desert lands. 

By the term " these regions '^ Messrs. Anghey and Wilbur refer to the 
areaasnally designated as the ** Great Plains," lying between the ninety- 
eighth west meridian and the higher foot-hills of the frontal range of 
the Rocky Moantains, though they appear to have more especially in 
their minds the more limited but still great basin of the Kepublican 
Elver, embracing a large portion of central and northwestern Kansas 
and the area contiguous thereto in Nebraska. 

IN SOUTHWEST KANSAS. 

Within the last ten years over 500 miles of irrigating ditches have 
been constructed in th^ Arkansas Valley west of the one hundredth 
merediau, in Kansas. These ditches arc capable of supplying water 
for the irrigation of more than 100,000 acres of land in Ford, Gray, 
Finney, Kearney, and Hamilton Counties ; but, owing to the failure of 
the water supply in the Arkansas River for the last two or three years, 
the ditches have not been used to their full capacity. This failure of 
water was caused mainly by the paucity of snow-fall in the Rocky 
Mountains in the winters of iSS7 and 1888, and the severe droughts 
which have x^re vailed between the one hundredth meridian and mount- 
ains for the last three seasons. We think the current opinion that 
the numerous irrigating ditches which have been recently constructed 
along the Arkansas Valley in Colorado exhaust the water in the river 
before it reaches the Kansas line is largely erroneous. During the 
summer of 1889 there was more water in the Arkansas River at Dodge 
City than at Coolidge, near the Stat« line. There was more Ht Wichita 
than at Dodge City, and more flowing water in the channel in the 200 
miles in Kansas than in the 200 miles west of the Colorado line. That 
the supply of water is inexhaustible has been frequently demonstrated 
by i)umpiug water from wells located in the valley. The two most 
noted experiments were made last year at the wells which supply the 
water-works at Dodge City and at Garden City. These wells are 22 
feet and 19 feet in diameter; respectively, and about 20 feet deep; 
the water rises to within 4 feet of the surface of the ground. Over 
1,000,000 gallons have been pumped out of the Dodge City well in a 
single day without lowering the water to any appreciable extent. At 
the Garden City well the water-works pump, with a capacity of 600 
gallons per minute, and a Huffer irrigation pump, with a capacity of 
500 gallons per minute, were both worked to their utmost limit for a 
period of four hours without lowering the water in the well. Numer- 
ous other experiments of a similar nature have been made. 

IBBIGATION VALUES AND CONDITIONS. 

Civil Engineer Tweeddale, of Kansas, writes as follows : 

The qiiestiou of tho supply of any desired quantity of water for irrigation from the 
underflow being assured, we will consider the subject of its procurement, etc., in the 
following order: First, the quantity of water required for irrigation, generally and 
specilically ; second, the manner of its procurement from the iinder-gronnd current; 
third, tho cost of plant for procurement and distribution ; fourth, the results of irri- 
gation and a comparison of it with ** dry farming" when the rain-fall is deficient, and 
also when it is ordinarily considered ami)le for **dry farming," together with a com- , 
parison of the methods in general use of distributing tho water from open ditches by 
moans of rills opened and closed with shovels or hoes; and of distribiting pumped 
water from pipes by means of hose and hydraulic monitors attacjied to plugs or 
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First. The quantity of water required for profitable agriculture depends upon the 
nature of the soil, character of the crops, and the position of the district in relation 
to the surrounding country. Thus in the case of a permeable soil with considerabie 
declivity the water deposited upon it will pass off rapidly, perhaps even before serv- 
ing for the germination of the seed or the nutriment of the plant. If, however, the 
soil be retentive and the site low as compared with its surroundings, the soil may 
become so saturated with water that germination and growth may be greatly im- 
peded. The conditions necessary for the germination of seed and the growth of plants 
are moisture, air, and a certain degree of heat. In a clayey, impervious soil an 
excess of water will act injuriously by reason of the absence of air and heat. In the 
case under consideration, the soil being impervious and the ground having sufficient 
declivity to give surface drainage, the discharge will be large. Add to this an ele- 
vated temperature, a clear sky, and dry air— in brief, a normal drought — and we have 
all the conditions which require frequent and plentiful waterings. In the process of 
vej:i:etation water is the medium through which plants obtain nourishment. The 
water, charged with the organic and mineral substonces in a state of solution which 
constitute the food for [>lauts, is drawn up through the roots^; these substances are 
tuisimilated and the water thrown off through the leaves. Many experiments have 
]>eeu made to determine the amount of water transpired by plants. M. E. Risler, a 
Swiss philosopher, has recently given a good deal of attention to this subject. He 
operated both in the laboratory and by observing the flow from the drains of a field 
especially arranged for such observation. He gives the daily consumption of water 
for diffeient kinds of crops as follows : 

Inch. 

Lucern grass 0.134 toO.267 

Meadow grass 0.122 0.287 

Oats 0.140 0.193 

Indian corn .♦ 0.110 1.570 

Clover 1.140 

Vineyard 0.035 0.031 

Wheat.... 0.106 0.110 

Rye 0.091 

Potatoes 0.0^8 0.055 

Oaktrees 0.038 0.030 

Fir trees 0.020 0.043 

Schlieden, at Jena, found for a mixture of clover and oats grown in earth con- 
tained in an iron box, which was weighed at intervals to determine the evaporation, 
a consumption of about 0.0984 inch per day from the time of sowing until the time of 
liarvesting, a period of one hundred and twenty-nine days— 13 inches nearly. Very 
careful experiments on this subject have been in progress for several years at the 
observatory of Mountsouris, in France. The grain is grown in earth contained in 
metallic boxes, and similar boxes without grain are used to determine the evapora- 
tion. In some cases the earth was dried and weighed both before sowing and after 
harvest ing. The results obtained were essentially as above given. It was found that 
to produce one pound of wheat required the expenditure of from 800 pounds to 2,400 
pounds of water, the lesser quantity being when the soil was fertile. In the case of 
wheat the maximum consumption of water occurred at the period of flowering, after 
which it diminished to the ripening, and then ceased. 

From the above table it appears that a field of grain (as wheat, oats, or rye) may 
absorb, between seeding and harvesting, 15 inches of water, while grass may absorb 
37 inches during a period of growth of one hundred and thirty days. This question of 
the effect of water on fertility explains the difference observed in the yield of differ- 
ent fields of grain at the same time, and of ditterent yields of the same field in differ- 
ent years. It also serves to explain some points in hydrology, as to the effect of the 
destruction of forests on the flow pf streams. The table shows that the quantity of 
water transpired by the leaves of cereals is greatly in excess of that by the leaves of 
forest trees, which proves that the clearing and cultivating of forests do actually 
diminish the qurmtity of water in the streams. It also explains how lands rich in 
the chemical constituents of certain grains produce large crops with a small rain-fall, 
as in the case of northern Dakota and Minnesota, where, with a rain-fall of but 17 
inches, 30 and 35 bushels of wheat to the acre is not an uncommon yield. 

The advantages in favor of irrigation are: not only are the crops much larger, but 
they are entirefy unaffected by drought or wet ; and being harvested under a clear 
sky are in good condition, and therefore, being of superior quality, command higher 
prices. As a rule, persons living on irrigated lands, having regular occupation, are 
more thrifty; their crops are certain, regardless of seasons ; having larger and more 
curtain incomes, their earnings are expended in increased comforts — all of which in- 
cieases^the business of railroads. And now that the competition between rival lines 
has desturoyed the profits of through traffic, dependence must be placed on local busi- 
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ness, which for that reason must be developed, resulting in the charges for the haul- 
ing of coal used for pumping being the least possible. As the effeot of an extensive 
system of irrigation is toward small holdings and a dense population, the result will 
be increaseil business. It is estimated that 1 acre of irrigated land produces, directly 
and indirectly, more than 1 ton of railroad freight annually, or more than two hun- 
dred times as much as the same laod used for grazing cattle, as the e/fect of any con- 
siderable amount of irrigation would, by increasing the humidity, tend to a reclama- 
tion of the unirrigated desert, and in a measure affect the humidity of the wholearea. 

Perhaps the clearest and most simply stated descriptioa of irriga- 
tion as at present practiced among us is the following, from the pen of 
Orange Judd, the veteran editor of the Prairie Farmer: 

Irrigation in the present use of the term means the artificial application of water 
to the soil, by several methods. There is the ** main canal'' or ditch, which brings 
water taken from streams that may be a mile or two or scores of miles away. A 
** lateral " comes out of one side, and extends several rods, or even miles, to the upper 
side of a field, into a plow furrow nearly on a level, and the water in this case spreads 
out each way. From this head furrow very small ones are made with a hoe, or 
quicker with a small single-horse plow. They are run in such direction, requiretl by 
the lay of the land, as will give them only a slight descent. A hoe or shovel full of 
earth into the plow furrow at each entrance of these little ditches keeps them 
closed. When the laud needs water the little *^ gate,'' or sliding board at the canal, 
is raised as far as needed to let in the required amount of water. This is raised or 
lowered from time to time, as seen to be necessary. The large plow furrow being 
filled with water, the irrigator opens or closes the upper ends or the small furrows 
by taking out a shovel or hoeful of earth. The operator walks over the field, and 
where water enough is not flowing ^t in any place, be, with % shovel or hoe, clips 
off a bit of earth from the sideof thesmall ditch or furrow, or stops the flow at any point 
by throwing in a trifle of soil. In this way he can, in an hour or twp, give an entire 
field what would be equal to a heavy soaKing rain. This may be done so deeply 
down, one or even two feet, that the growing crop may flonrish through the hottest 
season or drought without another irrigation. 

Where water goes deep down it is only very slowly evaporated from the surface, 
while the roots of the crop grow downward so far as to find a good deal of natural 
moisture in the soil. Usually only two, or at most three, such irrigations are needed 
on a wheat crop, grown on a soil which is literally Sb dry ash heap. The number of 
irrigations and the amount of w.ater at each flowing depend a good deal upon the 
character of the subsoil. Some land requires only a single flowing, along in May or 
June. Sometimes a flooding about the heading-out time will produce very heavy 
grain kernels. Sometimes the ground is well flooded before the seed is sown, and 
Once or twice afterward, nnless there is an unusual fall of rain. Most farmers using 
irrigation rather prefer no rain. Having a supply of wat^r in the o^nal to nse when- 
over needed, they prefer continual hot sunshine, which pushes growth forward most 
rapidly. 

in most of the irrigable, arid regions, these canals are taken out high up a river or 
stream which is fed by the melting of snows on the mountain tops in May, June, and 
July, just the time when plenty of water in the canal is most needed. The canals are 
carried along with a descent of 1^ to 2 feet per mile, winding around hills or uneven 
ground to maintain a uniform grade. If the ground and the stream descend rapidly 
the canal may thus be carried scores of miles, and at its end be 20, 50, 100, or more 
feet above the parent stream. The side canals are taken out at different places, and 
similarly carried over or around uneven land, so that a single main canal may irri- 
gate tens or hundreds of thousands of acres, for example a canal from a stream in the 
Kooky Mountains, by following the sides of knolls, valleys, and hills, may take water 
hundreds of miles to supply the parched farms in Eastern Colorado. 

It was asserted by the Public Land Commission in 1880 that the 
larable area of the United States would be all taken up by 1883. Fran- 
cis A. Walker said the same thing; other writers and publicists also 
repeated it. Yet the Land Office reports show that since 1883, and 
up to June 30, 1889, 109,377,858.14 acres of public lands have been dis- 
posed, within the States of California, Colorado, Nevada, Oregon, Kan- 
sas, Nebraska, Washington, Montana, North and South Dakota, Idaho, 
and Wyoming, and the Territories of Arizona, New Mexico, and Utah, 
alone. Of this total certainl^^ 60,000,000 acres are within the arid region 
proper, and the major portion of the balance was located and settled 
within the semi-arid sections, and all of this was olasse<L^ <*agrioiilt- 
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IRRIGATION ENGINEERING PROBLEMS. 

STORAGE OF THE STORM AND MOUNTAIN WATERS.— RESTORATION OP 
DRAINAGE, UNDERFLOW. AND SEEPAGE SUPPLIES.— RESERVOIRS, 
CANALS, WELLS, SUB-DAMS, FARM STORAGE, ETC., ETC. 



PART II. 



In the work of irrigation survey, at present there seems to be two 
distinct points to be aimed at. In a great measure the running waters 
within the arid region are being rapidly consumed. The points are, 
first, the conservation of the storm or surplus waters, which must 
necessarily be stored in the high altitudes of that region, and, secondly, 
the restoration for use in agriculture of the waters under the earth. 

These two divisions at the present moment seem to be the essen- 
tial purposes for which engineering efforts shouUl be made. It is 
suggested that the great area lying east of the Rocky Mountains — the 
plains and foot hills — ^from the 97th practically to the 104th degree of 
west longitude must come first, because of the great population that 
has gone in there, and of the large amount of struggle and of pecuniary 
effort that have been made by them, and owing to the condition in 
which they are being constantly placed by reason of the insecurity or 
uncertainty of the water supply. These conditions arise, not so much 
by the deficiency of the water supply, taking the years through, as 
by its unequal and unsuitable division. What is called the great 
plains region has, for the work of reclamation, at i)resent, to be now 
considered, upon the ground that a large part of the population to be 
benefited by irrigation are to be found there. 

The problems involved in that fact are, of course, two-fold, as in the 
whole field: These are the storage of the surplus waters in the Rocky 
Mountains proper and in the valleys of the streams flowing there^ and 
the obtaining of an adequate knowledge of the waters within the earth, 
80 as to make plans and lay out the best methods for their economic 
use in the near future. 

The artesian water-belt, the most remarkable of which is found in 
the central valley of the Dakotas, is first to be considered. Second, 
comes the underflow or sheet water of the river valleys. Then one of 
the most important is the general seepage or drainage waters found to 
exist in the gravel and sandy strata just below the alluvium, all through 
the central portions of the plains, and which, it is believed, by shallow 
openings or wells can be collected so as to be restored to the surface 
and distributed by mechanical or pumping power. In this connection 
the testimony of Mr. George H. West, of Greeley, Colo., relating both 
to west Kansas and eastern Colorado is of great value in relation to 
this purely American application of mechanical power in the use and 
distribution f>f water for irrigation. Mr. West says: ^ , 
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THE DRAINAGE SUPPLY. 

Iiitbe southwest section of Kansas, sontU of the third standard parallel and west 
of the ninety-ei<rhth meridian, embracing an area of 10,520,000 acres, it is claimed 
that there are fully 15,000,000 acres suitable for agricnltnral purposes, relying for it« 
bent resnlts upon irrigation. 

At least .90 per cent, of this land is underlaid by subterranean flows or reservoirs 
of water, available from wells by means of mechanical power. The application of an 
economical method of raising this water would produce more immediate and general 
beuehts than any other system, making from 60 to 75 per cent, of the entire area at 
ouce roclaimable by private enterprise. 

Along the Cimarron River and its tributaries are 350,000 acres of first bottom lands, 
with abundance of water witliin 20 feet of the surface ; while at least 500,000 acres in 
the Arkansas Valley will afford an oxhaustless supply of water for ordinary irrigating 
purpOKCs at 10 feet. The valleys of the Beaver, White Woman, Pawnee, Walnut, and 
their tributaries will afford 1,(K)0,000 more acres of land, with an ample water supply ' 
from 1.') to 30 feet. Outside of tho valleys sheet water is fonnd, from 30 feet to 10<) 
feet, with an average depth of about 60 feet; excepting limited areas, including por- 
tions of nearly every county west of the ninety-ninth meridian. Euibracing nearly 
nH of Haskell County and a narrow strip west through the counties of Grant and 
Stiintou, and east through Gray, Ford, Kiowa, and Pratt, extends what is known as 
tho deep-water belt, or high divide. Another such area extends west through the 
counties of Garfield, Finney, Kearney, and Hamilton, along tho fourth standard paral- 
lel.. In these beltt water lies at depths generally exceeding 100 feet. Outride these 
narrow belts the larger portion of the entire area is underlaid by a water supply, 
available to a mechanical method of raising it. The water is almost universally 
found ruuuiug through gravel beds with a uniform current towards the east. Neither 
coal or wood is found in this territory. Prices are governed by the length of haul 
and competition between lines of railroad. At Garden City the l)est Canon City coal 
sells at tho scales for |().75 per ton, Trinidad coal $5.90, and Canon City pea coal f4.65 
per ton. 

No pumping system or irrigation has been tried, and the surface streams are totally 
iuailequate to furnish an extensive water supply for a system of canals. The Arkan- 
sas River is the only stream that can be utilized in that manuer. The present 
demand upon it renders farming more hazardous than will justify fhrther develop- 
ment in that direction without the application of a storager-eservoir system, or in 
tapping the wai-ter-bearing strata with underground canals >- taking advantage of the 
universal trend eastward. Such a system will be necessary to reclaim the high 
divides mentioned in this report, and will call for reservoirs of enormous capacity, as 
those lands being uniformly unbroken, storage-basins must be made at great distances 
from the areas to be watered. 

The underground water supply will rapidly increase instead of diminish, as the 
water used will largely be absorbed by the soil and percolation from above be added 
to the present sources. The water lost by evaporation will be replenished by the 
rain that will be enabled to soak into the soil, instead of wasting upon the impene- 
trable sod of our prairies. Kansas farming has demonstrated that breaking the sod 
and continued cultivation of the soil will eventually result in the complete satura- 
tion of that dry soil, which almost invariably exists from the sod to the sheet water. 
The almost entire absence of clay beds and other impenetrable substrata will permit 
of the complete saturation of the soil down to the present water-levels, making a 
storage-reservoir of incalculable magnitnde, proportionately increased by each ad- 
ditional demand nxiou it, and capillary attraction, now almost entirely absent, will 
soon be establishe<l. 

By determining at once the practicability of mechanical means of raising water 
from our wells these results can be acccomplished by private enterprise in time to 
benefit the classes who must need aid and encouragement, and who are utterly un- 
able to wait uj)on the action of the Government in devising and executing a more 
elaborate system of storage and canals. A pumping system will permit of individual 
enler[)rise and general adoption at once. Any system dependent upon the construc- 
tion of expensive canals, reservoirs, 8nb-<lrainage, or other methods involves unavoid- 
able delay of governmental action, or in inducing capital to come to our relief. To 
demonstrate that a pumping system can be practically and economically applied will 
greatly reduce the area of arid lands to be reclaimed, and afford a proportionate in- 
crease of the available water for that purpose. 

THE WATER-BEARING GRAVELS. 

The valleys of Colorado on the eastern plateau have all been formed 
by denudation ; the streams from the mountains have left on the bed 
rock deposits of sand and gravel filled with water, varying in thick- 
ness from a few inches to 64 feet at Eaton, Colo. This bed of water- 
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bearing sand and gravel in tlie Oache-la-Poadre Valley extends from 
Greeley to the foot of Chalk Bluft's, 39 miles north and 1,220 feet 
higher. This increase of altitude is of value. Near the foot-hills 
large bowlders lie next the bed-rock, and farther east on the plains their 
size decreases regularly to large stones, coarse gravel and sand, all 
Med with water. From the surface to bed-rock the conditions are re- 
versed, and below the soil we reach quicksand or sand, then line gravel, 
coarse gravel, large stones, etc. Water is usually found on the plateau 
east of the mountains as soon as the gravel is reached, and back from 
the rivers for miles in the valleys water is usually found beneath the 
surface at the same level as in the surface streams. The water-bear- 
ing strata near the surface is comparatively narrow at the foot-hills, 
but widens out many miles as we reach the valleys, where the surface 
streams have less fall to the mile. Since the construction and use of 
irrigation ditches the amount of water in the gravel strata has greatly 
increased, often standing much higher than the level of water in the 
natural streams, and coming to the surface as seepage in lakes and 
ponds. 

The distance from the surface to the subterranean water varies from 
a few feet to more than 50 feet in the valleys of the Cache-la-Poudre, 
South Platte, and Big Thompson Rivers and their tributaries. At 
Greeley, in the river valley proper, water is found from 4 to IC feet 
from the surface, ai>d the water-bearing .gravel is 44 feet thick ; at 
Baton, 8 miles north, this water strata is 20 to 25 feet from the surface 
and is 64 feet in depth ; at Pierce, 10 miles still farther north, this water 
strata is 30 feet from the surface, and continuing 20 miles again north, 
to the Maynard Flats, near Oarr Station, water is but 8 feet from the 
surface, in gravel. The depth of the water-bearing strata in the latter 
locations have ncft been determined. Water is found also in gravel on 
Crow Creek and Little Crow Flats, 40 to 50 miles northeast from 
Greeley, at varying depths from 4 to 20 feet, in large quantities. At 
Denver bed-rock comes to within a few feet of the surface, and good 
results have not been obtained; but large amourits of water are found 
in the sands of Cherry Creek and in the valleys adjacent thereto. 
North from Denver, along the South Platte Valley, water is found at 
varying: depths from 8 to 30 feet, and the water-bearing gravel is 50 
ffct thick at Brighton, 55 feet at Fort Lup ton, 60 feet at Platteville, 
and 86 feet at Evans; 100 miles still east, at Sterling, Colo., water is 4 
to 20 feet from the surface, in sand and gravel. The gravel there is 
much smaller than at other localities named, and there is more quick- 
sand above it. 

The amount of water that may be stored in a cubic foot of sand or 
gravel, when fully saturated, has been ascertained by careful experi- 
ment to bo as follows : Fine sand 2 gallons, coarse sand 2^ gallons, 
sand and fine gravel 3 gallons, coarse gravel and small stones the size 
of hen's eggs 3.6 gallons. As a cubic foot contains 7.5 American gal- 
lons, it will be seen that very large gravel beds contain fully one-half 
water. Water is found in all the dry creeks and the valleys adjacent 
thereto in northern Colorado, east of the mountains, at varying depths 
from 2 to 20 feet. Actual tests have been made verifying this matter 
on Tione Tree, Big Crow, Little Crow, Wild Cat, Pawnee, Lewis, and 
Cedar Creeks north of the South Platte Eiver, and on Cherry" Creek, 
SamL Creek, Lost Creek, Box Elder, Kiowa, Bijou, Big Beaver, and 
Little Beaver south of this river. As investigation goes on the area 
of land known to havQ underground reservoirs of water at a nominal 
depth from the surface is largely increased. ^ . 
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TLls gravel is very coarse, in places as large as your fist That lies 
together irregularly, and there are great spaces or cavities between the 
pieces. As we pump the tendency is to throw this stuff out and open 
up great channels, and then there is a rush in of water. On the Albert 
Howard well, which is 70 feet deep and gives 22 feet of water for irri- 
gation, there are two pumps for the 200 acres, and the water is lowered 
about 11 feet in pumping twelve hours per day. That leaves 11 feet to 
draw on. The amount of water underneath in these gravel beds seems 
to be enormous. Where we have found 12 feet of water in that stratam 
we have not put in any pumps yet that have pumped it dry. At Platte- 
ville, about 20 miles south of here, they have 60 feet of that gravel 
stratum, and nearer to Denver they have 50 or 55 feet in different 
locations. 

We have under Greeley 46 feet of gravel stratum filled with water. 
We have first four to six feet of surface drift or soil, and below that 
comes this gravel filled with water, which extends down 46 feet forther 
to bed-rock. On the Platte Fiver, east of here, we have 84 feet of that 
gravel stratum filled with water. We find that in many of these dry 
creeks or arroyos there is water at a slight depth and also in the flats. 
At Crow Creek, 40 to 45 miles northeast of here, where thwre is only a 
little water in places coming to the surface, they find large quantities 
of water there at from 4 to 15 feet below the suriace over a large area. 

In twenty counties in Colorado, lying east of the base line, which runs 
through Pueblo,thereare some 25,000,00 acres of land. Fully 20^000,000 
acres of this is suitable for cultivation, and probably one-fourth of this, 
or 5,000,000 acres, are underlaid with an ample water supply near the 
surface, available for use for irrigation by mechanical power — that by 
lifting or pumping. 

THE UNDERFLOW WATERS. 

Mr. W. Tweeddale, civil engineer, of Topeka, in broaching a plan for 
distributing water for irrigation by means of electricity, has this to say 
about the rain-fall on the plains : 

In Texas, with 20 inches of rain-fall, "dry fanning" is not profitable ; while in 
Dakota, M i nneso ta, and Nebraska 16 inches of rain-faU gi ves good results. The reason 
for this is that in Texas the temperature is high, and the rain-fall uniformly distrib- 
uted tbroughont the year, while in the above-named States the temperature is dinoh 
lower, and there is a well-defined rainy season giving 72 per cent, of the annual rain- 
fall during the spring and summer, while Texas has but 50 per cent, during the same 
time ; for which reason 15 inches in the above States will be equivalent to 20 inches 
in Texas, with the further difference in their favor due to mucn lower temperatare. 
The relative value of rain-fall for agriculture in the different localities will appear 
from a comparison of the tables of rain-fall at eight selected stations in Texas, three 
in weHtern Kansas, and eight in Dakota, Minnesota, and Nebraska. Of the annual 
rain-fall of these several stations, the amount that falls during the spring and summer 
is as follows : In Texas, 55 per cent. ; western Kansas, 65 per cent. ; Dakota, Minne- 
sota, and Nebraska, 72 per cent. ; from which it will be seen that the proportional 
part of rain-fall in western Kansas during the growing season is intermediate between 
that of Texas and the above-mentioned three States ; and while that in western Kan- 
sas is but 11 per cent, less than in the above three States, the difference in effective- 
ness is much greater by reason of difference in temperature. 

In a consideration of the subject of rain-fall, it must be borne in mind that in the 
so-called "subarid" region there is a great liability for many seasons in a long series 
of years to be without sufficient rain-fall to make agriculture profitable, in which 
case the whole supply of water for irrigation must be procured artificially. And as 
it is the certainty of results alone that will justify the investment of capital in new 
enterprises, it follows that in any scheme for furnishing water for irrigation estimates 
of cost must be based on being able whenever required to furnish the whole amount 
of water necessary for the profitable raising of any particular crop. 
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In designing storngo reservoirs of limited extent, account must be taken of the 
minimum annual and minimum periodic rain- fall. It sometimes happens that the 
annual rain-fall continues to be less than the general mean through cycles of three or 
four years. Computations based on a number of selected stations of largest observa- 
tion in the United States extending throughout the whole country, give the average 
annual rito-fall of the least three-years cycle, at any one pf these points, as 67 per 
cent, of the mean annual rain-fall at the same point, and the greatest three-years low 
cycle as 97 per cent, of the mean annual rain-fall at the same point. Taking 16 inches 
as the mean annoal rain-fall at Fort Dodge, the mean annual rain-fall of the low cycle 
will be 67 per cent, of 16, equals 10 inches. Of this amount, favorably situated Cath- 
erine -gronnds of unbroken prairie will furnish at least 60 per cent. This will give a 
depth of 6 inches of water over the whole area drained for collection in a reservoir. 
Taking 16 inches depth of water over the area irrigated as the requirement in addi- 
tion to the proportional part of 16 inches of rain-fall, and we have 16 divided by 6, 
equals 2f ; i. «., the water from 2^ acres of drainage area will furnish sufficient water 
to irrigate one acre of land. Doubling this amount for contingencies (as evaporation 
and seepage), and 5^ acres will suffice for one acre. On this basis the owner of a 
favorably-situated quarter-section of land can collect in a reservoir the required 
amount of water to irrigate 30 acres, which will allow 15 acres for agriculture, 15 for 
meadow, and 130 for grazing. The reservoir should be made deep, to prevent loss by 
evaporation. Should the gathering-ground be large, and owned by a number of per- 
sons, a reservoir of .greater capacity might be constructed, and by purchase or 
exchange with each other, a unit of forty acres of irrigable land might be secured to 
each, with diminished cost per acre. 

When, however, there is no suitable site for a reservoir, the rain-fall from the gath- 
ering-ground will run onto and be absorbed by the porous soil of the bottom lands. 
Pure sand, when saturated with water, will contain from 30 to 40 per cent, of its 
bulk, while gravel contains 25 per cent. The eminent scientist, Sterry Hunt, esti- 
mates that one square mile of sandstone 100 feet thick will contain, when saturated, 
water sufficient to sustain a flow of one cubic foot per minute for a period of thirteen 
years. Sandy soil at a certain depth is always satui*ated with water, which rises, 
after large accessions from rain, nearly to the surface of the ground, and falls again 
during periods of drought. In a region of sand and gravel a fall of 6 feet in the grou nd- 
water will give a discharge into the streams of from 40,000,000 to 50,000,000 cubic feet 
per square mile of ground. The water so held constitutes the reserve which goes to 
maintain the dry-weather flow of streams. 

The water in the ground, like that in the streams, is in constant motion, although 
its rate is by comparison with that of streams very slow. The quantity of water 
flowing in an open channel 100 feet wide and 6 feet deep, with a fall of 1 foot per 
mile, is about 1,000,000,000 of gallons per day. The quantity flowing through a chan- 
nel of the same dimensions and fall, filled with gravel, will not exceed 600 gallons at 
the same time. This extreme slowness with which the ground-water moves serves 
as a regulating sluice to the ground reservoir, securing it against rapid exhaustion. 

From the above it is evident that* the water stored m the porous soil oi the bottom 
lands is the source of the water supply of the Arkansi^ River valley, rather than the 
flowage of the river, which in fact for a portion of the year acts as a drain to the 
valley rather than as a supply to the under-current. The longitudinal fall of the 
ground- water in the valley in western Kansas is about 7 feet per mile. The writer 
found by measurement that the fall of the ground- water from the Arkansas River to 
Cow Creek, a distance of 2 miles, near Hutchinson, was 8J feet per mile. Observa- 
tions made during the construction of water- works for cities show that in ordinary 
sand and gravelly soil a fall of 7 feet per mile will give a rate of motion of the ground- 
water of about I foot per hour. 

ARTESIAN WELLS AND THEIR ECONOMIC VALUE. 

An artesian weU is one in which an artificial vertical shaft is filled to 
overflowing by water, which enters it at some distance below the sur- 
face of the ground. The water may spout up with force and rise higher 
than the surface or it may barely reacji the point at wliich it flows over. 
The conditions under which this can occur are the same as those which 
govern the supply of water to the upper rooms of buildings in cities. 
The reservoir with which the water-mains are connected must be higher 
than the place supplied ; for the same reason the stand-pipe which takes 
the place of a reservoir in towns located in a level country must be 
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higher than tlu) tops of the highest buildings. This is made necessary* by 
a well-known principle in hydrostatics, that a fluid will npt rise in an 
iron tube higher than its source. There are some artesian wells whose 
flow is due to other than hydrostatic pressure here described, viz, to gas 
pressure and rock pressure, but these forces need no illustration. In 
nature the channel through which the water flows is more like a sponge 
than the orifice of a pipe. It is porous rock, sandstone, conglomerate, 
gravel, sand, or limestone more or less cracked or broken. The walls 
of a natural pipe must be impermeable and usually beds of clay or day- 
shale serve this pur[>ose. To get the head of water the beds of sand- 
stone, shale, etc., must have a dip, i. e., they must be higher at one part 
than another. The best conditionsare when the rock strata take a basin 
formation, highest, on the edge of, circular area, and a well sunk in the 
middle of ihe basin. It is to be understood that ail the waters of the 
land are meteoric waters, having their origin in the rains and snows. 
If then the rain tails on i>orous rock on the upturned edge of a basin, 
which within the basin is overlaid and underlaid with impervious clays, 
a well sunk at or near the middle would be artesian. 

The basin form is, however, comparatively rare in nature, but contin- 
uous dip of rocks in one direction is by no means uncommon, so that the 
form of a trough is more often found. If the relative position of porous 
and impervious rocks is the same, artesian wells may be found on the 
sloi>e or at the lowest point. The general dip of the geological strata 
on the plains is from west to east, by south, as is also the slojie of the 
surface of the country. The conditions for finding artesian wells are 
thus widely distributed. 

Prof. P. H. Van Diest, of Denver, Colo., who has had an almost world- 
wide experience as an engineer in connection with artesian waters and 
wells, gives some interesting data, as a basis for the consideration oif the 
economic uses of such supplies. He says : 

1 1iav<^ bad something to do iu India with artesian borings and gathered some stii- 
tistics about the amonnt of water which percolates tlie lower strata. In the Paris 
and London basius, by careful observation it was ascertained that a third of the 
water-fall on a certain extent of land gives a certain flow ; that another one-third 
evaporates and is taken olf by the plants, and that the last third percolates to 
the lower strata. How far tliat is the case bore is diflicult to know because there are 
no observations taken. That is the experience, however, in London, England, and 
Paris,- France, where considerable artesian water has been got. Similar observations 
have been iua<le in India. Batavia is now supplied with artesian waters after snr- 
voys made by nio. No observations are made here, and it is difflcnlt to say what the 
case is. From tlie very sandy condition of a great deal of the outcropping rocks in 
the arable regions of Colorado, a good deal must percolate to great depths. That is 
proven to be the case in Denver, the Denver basin having observations made in it to 
some extent. 

The conclusion is that there must be considerable water running down to the lower 
strata. By borings that have been made (about two hundred flowing wells having 
been bored) we have observed that there are three different flows. Speaking of those 
flows, I would say tliat the upper flows, to which many wells have been bored, are 
very limited. The lower flows take water from a greater extent of country. Much 
trouble has occurred in the artesian diggings by the bad construction of the tubing. 
There are a great many of such basins here all along the foot-hills, and it has been 

Eroven that Jhere is much loss, as, for instance, in the San Luis Valley, where they 
ave had flows of water to a great amount. There would be a chance to apply water 
for irrigation. The same is the case in the San Bernardino Valley, in California, 
where over two thousand artesian wells are aiding in irrigation. They are under reg- 
ulations, so that during the night they must be closed off with stop-cocks. Thus 
there is no unnecenaart/ water flowing oft'. There are nuiny streams that run east from 
here, such as the Bijo, the Badger, and other creeks, which at their best are all run- 
ning streams and have consi<lerable water. Over distances of 20 to 30 miles they are 
entirely sunk and lost. The Platte Valley is increased farther down in its flow. 
Without seeing it directly here, the volume of water in the Platte is increasing. It 
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» tlie water from some of the moniitai»s flows invisibly away, probably 
not afc a very great deptii; Bn^i^ at 15 or 30 ^set deep there may be an imperme- 
able layer and that it flows nnder the sar^aee away. I think that that water could 
be made useful by pipes from a distance out, carrying the pipes to a place wbere the 
water is needed. Cert ainly a great deal of land could be redeemed by the percolation 
of water which is now lost. 

SPRINGS, UNDERFLOW, AND LOST ST&BAMS. 

In eastern Kew Mexico there is an extensive region of \Bfge springs, 
showing the existence of water under ground that comes by artesian 
force or otherwise to the surface. When we come to northern Texas, 
and to what are known as the Staked Plains and the Panhandle region 
of that State, there are in existence to-day a great body of wells some 
of which are artesian in character, but there are many that flow so near 
to the surface and with such force that it is evident that if these wells 
were sunk deeper they would have the artesian quality ; they would 
strike that stream. It is a general belief that the water under the 
Staked Plains, the water from which these wells are supplied, has the 
character of a flowing stream. Some experiments have l>een made in 
the neighborhood of Marienfelt, Odessa, and Midland, on the Texas 
Pacific Kailroad, which seem to indicate the correctness of that theory. 
The altitude lowers abruptly, and the land is of a totaHy dittereut char- 
acter. Beyond the westerly limit of the Staked Plains the land is all 
of a distinctively arid character, as arid as Nevada or Arizona. It has 
no precipitation exceeding 8 to 11 inches of fall per annum. But 
thronghoat northwestern Texas there is unquestionably a large un(^er- 
ground water supply. The springs which come to the surface, the evi- 
dence of the wells upon Staked Plains and in the Panhandle region, 
indicate this. Indeed, the testimony all goes to show that there is sup- 
ply sufficient if it could be brought to the surface to answer the pur- 
poses, by small storage, of almost that entire region. 

In southern Arizona there are areas of underground supply that can 
be developed. The Santa Cruz Eiver, for example, flows under ground 
to Maricopa, in the Gila Yalley. It runs into the Gila Eiver near that 
point. The Santa Oruz River rises a few miles below the southern line 
of the United States, in Mexico. It runs almost directly north to Tuc- 
son. If ine miles beyond Tucson it is lost under ground, and then for 
some 87 miles it flows under ground, until it enters the Gila and helps 
to swell that river. The valley of the Santa Oruz contains about 
1,140,000 acres, a very large proportion of which, if there were water 
tor it, could actually be brought under the most efficient horticultural 
use. It is a region admirably adapted for fruit. At the Mission of 
Tnmacacori, and at Tubac, Calabasas, and other places, there are the 
remains of fruit gardens that the missionaries planted and used. In 
years past all the semi-tropical fruits have been growing on some farms 
that were maintained there against the Apaches The Santa Oruz 
River should be taken out, as near its source as possible, and distributed 
by means of high-line canals. 

The land is very fertile. The river has a great drainage area at its 
head. It is fed by several very important small streams on both sides, 
and if it were taken out and placed in a new channel, and distributed 
over the valley, the entire region at and below Calabasas, for some 10 
or 12 miles wide and 150 miles long, could be made a perfect garden. 
We used to fancy in years gone by, in traveling over the Cienega, 
north of Tucson, that we could hear the waters running under ground. 
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We do not know whether that was a correct inference or not East 
ward, and lying beyond the Dragoon Mountains, wifl be found the San 
Simon Valley, or plain, known in the olden days as the principal route 
southward of t^e Apaches. Water can be got in the San Simon and 
Suli)hur Valleys anywhere at from 8 to 40 feet below the surface. All 
through, in this low table-land, will be found wet places — the Mexicans- 
call them cienagas. There are a number of ranches in that valley now 
supplied by such waters, either from wells or tanks and ponds. The 
San Pedro Biver also, between the San Simon and the Santa Craz, 
rises in Mexico, as the Santa Cruz does, and can be, by storage near 
its head, made of much greater service than is now the case. Upon the 
plateau on which Tombstone is situated they have some artesian water. 
There are two flowing wells at that place. 

Crossing into Kew Mexico, over the Chiracahua Mountains and be- 
yond the eastern foot-hills of that range, Doming is reached and the ta- 
bleland around it. Water has been found there within 25 or 30 or 40 
feet of the surface. It is an important railroad junction. It is so near 
that slight pumping brings it to the surface, and makes it valuable for 
tbe small irrigation, for fruit and gardens, that is going on in that re- 
gion. From what can be learned in relation to it it would be possi- 
ble to develop the whole well and under-flow water there, and create a 
storage system which would bring a large proportion of that mesa or 
bench-land under cultivation foi grass and root crops as well as for 
fruit. Through this region and up to the lower foot-hills water can 
almost always be found a short distance from the surface. Most of 
these little valleys of that region could be reclaimed by the use of small 
storage. 

THE DAKOTA WELLS. 

In no section of the United States can there be found so many arte- 
sian wells, of as great pressure and supplying as immense a volume of 
water, as those flowing in North and South Dakota. They are chiefly 
in the valley of the James River, and are in successful operation from 
Yankton on the extreme southern boundary of the territory to Grafton 
on the north, covering a distance of nearly 500 miles. In Yankton over 
a dozen wells, from a depth of 550 to 600 feet, pour forth a bountiful 
supply of water, the increase in the number of wells not having the 
least eftect on tbe flow or pressure from the underground source. 

There is nothing strange in the flow of artesian wells. The principle 
is precisely that of a reservoir system of water works, or of the artificial 
fountain. By storing a supply of water in a basin at some high point 
and carrying it in pipes to a lower level convenient water power is ob- 
tained. Nature has constructed a vast system of underground water- 
works on the same plan, the pervious strata of sand rock underlying 
tbe earth's surface at various depths serving as pipes to convey the 
water from a distant reservoir or source of supply. 

There are now more than one hundred wells in the two Dakota States, 
of remarkable pressure and supply. This does not include numer- 
ous flowing wells. At Yankton various factories now utilize the force 
furnished by tbe pressure of the underground current. Wells cost from 
$4,000 to $6,000. The pressure varies in different localities from 30 to 
180 pounds to the square inch, and the flow from 50 gallons to 4,000 
gallons a minute. The Woonsocket well (South Dakota) is much larger. 
The water is more or less mineralized, but the constituents are such as 
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have imparted to the w^ater andoubted hygienic aud remedial proper- 
ties, analyses showing the presence of carbonates and sulphates of iron, 
lime, magnesia, soda, sodium, potash, etc. Artesian water is almost in- 
variably soft, and of exiJellent quality for general household purposes. 
The temperature of the water partakes of the internal heat of the 
earth. 

The records kept by well-borers, showing the penetration of various 
strata, establish the fact that the Dakota geological formation con- 
tains all the essential features which scientists state are pre- requisites 
to flowing wells. The water is found in coarse-grained sand rock, which 
has above it a confining stratum of shale, clay, or lime rock. 

WHAT THE BORINGS SHOW. 



Yaokton. 


Feet. 


Grafton. 


Feet. 


Yellow clay 


45 

40 
160 

3 
105 
20 
37 

3 
15 
17 
30 

4 
27 

2 

1 
26 
10 
15 
20 
30 


Black loam.. 


3 


Chalk rock 


White dav 


25 


Shale 


Slue clay.......... 


250 


flardrock 


Hardpan 

liimestone 


20 


Shale 


137 


Sand rock - 


Qaicksand ........... 


20 


Shale 


Whitosand....... - . .. 


45 


Hard rock 


Slate 


3 


Sandrock - 


Water-bearinff rock 

K<m1 rock orflhale^.^^... ,..r ,. 


25 


Shale 


60 


Qaicksand 


Blneshale 


16 




Pink shale 


Jl 


Shale 


Gravel............. .. . . 


49 


Hard rock 


Bedshale 1 


46 


Coal 


Soapstone ..• 


188 


Shale V 


Sandstone 


5 


Sandrock -• 


Granite .-.-. - 


12 


Qaicksand 


Total 




Shale 


915 


Sot 4and rock 










Totsd 


610 









According to Professor Ohamberlin, president of the Wisconsin (Mad- 
ison) State University, and other geologists, the artesian wells in the 
Dakotas are situated east of the one hundred and first meridian, and, 
with the exception of the one at Pierre, they are east of the one hun- 
dredth meridian. They occur in great numbers in the Red River Valley, 
making a belt through the Dakotas, with adjacent portions of Minne- 
sota and Manitoba, and making a second nearly parallel belt running 
from Yankton northward to DeviFs Lake. 

The successful wells of the Dakotas, thus far bored, can be arranged 
in four groups, with reference to the geological horizons from which they 
derive their water supply. These are, (1) wells of little depth which 
do not pass through the drift ; numerous in the Red River Valley ; (2) 
those which penetrate to the Cambrian rocks, as at Grafton, N. Dak. ; 
(3) those deriving their water supply from the middle or upper por- 
tion of the Cretaceous, illustrated by a single well in the western 
part of Cass County, and by several wells in the Red River Valley 
which pass through the drift ; (4) thosepenetrating to the Dakota sand- 
stone, the basal member of the Cretaceous. This group is important, 
and is illustrated by numerous welte ranging from Vermillion and 
Yankton northward to Devil's Lake. The available data concerning 
these are given in the following 
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Table of elevatianSf depih, pressure, etc. 



Locality. 


Depth. 


No. of 
wells. 


Diameter 
of bore. 


Tem- 
ature. 


Pressure 

(per sqnare 

inch). 


Elevation 

(surface 

above sea). 


Surface of 

Dakota 

(above sea). 

oFak. 


Vermillion 


Feet. 
350 
610 
165 




Ifyshet. 


FeeL 


Pounds. 


Feet. 
1,160 
1,196 
1,196 

. 1.196 
1,418 
1,301 
1,528 
1,788 
1,363 
1,300 
1,308 
1,313 
1,480 
1,285 
1,636 
1,587 
1,890 
1,801 
1,139 
1,300 
1,296 
1,595 
2.982 
1,296 
1,476 
1,301 
1,300 
1,304 
1,530 
1,453 
1,400 


Feet 


Yankton , 


15 


6 


62 


82 
140 


616 


Do 




YanktiOn vicinitv.. ... 


15 








Tyndall 


600 
1,300 
1,500 
1,100 






122 




MitobeU 










Plftnlcinton .-- .- 








140 
95 




Kimball 










(jUamberlain ............. 










Letcher 


600 
1,300 












Woonsocket 








250 




Artesian Oitv . ... ..... 










Vilas 















Huron* .................. 


863 

900 

1,148 

1,552 

1,300 

965 




6 


60 


170 


422 


Brookiu'^ 




M:41or..i 




6 
5 


80 
68 


125 
25 

, 80 
186-218 


438 


Highmore 

Harold 


338 


Hit'Chcock 




3|-4i 






Kedfiold 




FrAnktbrfc 














Fanlkton 


1,300 

1,300 

915 

1,070 

960 

908 

965 

1,270 

1,087 

1,476 

1,321 

1,511 













(rettvsbursrh .... 












Asbton .............. 


MMi'y.' 
2* 


6 

? 

4-&-6 
6 


55 
64 

60' 

60 
65 
65 

70 


50 

90 

187 

140-160 

176 

70 
125 

95 


381 


Andover . ...... ...... ...... 


406 


Groton 


341 


A berdeeu .............. 


396 


Coluiubia .................. 


389 


I pswicb 


260^^00 


Ellendale 


366 


Jamentuwn 


50 


Jamestown vicinity 

Devil's Lake 






31 






1,470 


39 











Hea4f supply, and irrigation duty. 



Locality. 


Artesian 
head 
(above 
sea). 


Water 
supply 
(per 
min- 
ute). 


Area«i irri- 
gable by di- 
rect flow, 
allowing 4 
inches icr 3 
miles. 


Chwaoter of water. 


Verm Jl lion ....... 


Feet. 


OaUa. 

80 

3,000 

Large. 


Acres. 

95 
3,570 




Yankton 

l^etcber 


£,270 


SlighUy hard, drinkable, used in boUers. 


Vilas 






In process. 


Huron ........... 


1,078 

1,870 
1,948 


1,400 
None. 

1.000 
14 


i,066 


I5ro()klutjs 


Said to end in granite. Minnesota geological 

survey thinks this doubtful. 
Excellent ; good for all purposes. 
Soft and of good quality. 
In process. 
Used for irrigation. 
Abandoned ; drilling another. 


Miller 


1,190 
16.6 


iliffliinoro. ..... .... 


Pierre 


Hitclimck 








Faulkton 






71 
357 


AshtoM 


i,4ii 

1,(»4 
1,733 
1,670 
1,708 
1.092 
1,742 
1,690 


60 
300 


Andovor 




Grottui i. 




Al>ordoon 

CoUinibia 


3,500 
4,000 


4,165 
4,760 


Soft. 


Ipswich ... 


Soft (slightiy brackish). 
Soft; not pleasant to the taste. 

Abandoned. 


Ellendalo 

.Jamestown 

Jamestown vicinity 


GOO 
375 


714 
446 


Devil's Lake '. 


i.575 


40 


47 





One hundred gallons per minute will give 4 inches of water to 119.3 acres in three months. 



* Two miles southwest is a lar^e farm well, in depth, pressure, and volume, equal to the Huron town 
well, wliicli is to be used for the irrigation of a large farm. 
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The wells enumerated above derive their water from the Dakota sand- 
stone. Those at Vermillion and Yankton were be^un in the Fort Ben- 
ton. The remainder were begun in the Fort Pierre and pass through 
the Fort Benton. 

The North Dakota wells not included in the classes already noted are 
as follows : 



Xocation. 



Grafton 

.Tower City 

CasseltoD and vicinity 

Ameniaand vicinity 

Blanchard and vicinity (six wells) . . 
Mayville 



Depth. 



Feet. 
915 

670 

317-350 

250-279 
3U0 
395 



Strata penetrated. 



Passed through stratified 
rocks to granite. 

Fort Pierre shales to Nio- 
brara horizon. 

Passed through the drift into 
Cretaceous I'ocks. 

, do 

do 

do 



Water snpply. 



1,000 gallons per minute. 

9^ gallons per minute ; 

ri8«'8 33 feet. 

Brackish alkaline, co> 

pious. 

Do. 

Do. 

Do. 



All of the wells enumerated in the last table, excepting the one at Tower City, are 
sitaated in the Red River Valley, and passing through the glacial drift enter older 
formations. 

The one at Grafton passes through the Cambrain and into the granites beneath. 
Water was first reached at the depth of 503 feet; 400 feet deeper and resting on 
granite, a second sandstone stratum was reached which contained saline water. The 
well was continued 12 feofc into the granite, but was subsequently filled so as to re- 
ceive water only from the first water-bearing strata reached. 

The remainder of the wells in the Red River Valley which pass through the drift 
are supposed to derive their supply from the middle portion of the Cretaceous. 

The thickness of the Dakota sandstone as given by F. V. Hayden at its outcrop 
about the Black Hills is. 400 feet. At Lincoln, Nebr., as stated by Professor Hicks, it 
is *20A feet. Along its outcrops it is a porous sandstone sometimes passing into a con- 
glomerate, and where it has been penetrated by borings in the Dakotas it is very 
friable and open in structure. Its thickness, porosity, and extent, as well as its atti- 
tude, so far as is known are all in favor of its being an abundant source of artesian 
water. 

The formations which occur in the general region under discussion, as given by 
F. V. Hayden, are as follows : 

Thwkness of strata above the Dakota sandstone. 



Name. 


Character of strata. 


Thickness. 


Lioup River beds. . ....... 


Fine loose sand, with some layers of limestone 


Feet. 
300-400 


\^hite River group 

Wind River deposits .... 
**Fort Union," Laramie.. 


Whit;*^ and light drab clays, with some cavities of sandstone 

and local layers of limestone. 
Exposed principally in Ifebraska 


1,000 

1,500-2,000 

2, 000-10, 000 

500 


Sandstone with shale 


Fox Hill 


Giay fei-ragiuous and yellow sandstone and arenaceous 
clays. 

Dark giay plastic clays above; dark beds of very fmo unctu- 
ous clay, containing much carbonaceous matter with veins 
and seams of gypsum, etc., below. 

Lead gray calcareous marls above; light yellowish and 
whitish limestones below. 

Dark gray laminated clays, sometimes alternating near the 
upper part with layers of light gray limestone. 

Yellowish, reddish, and occasionally white sandstone, with 
alternations of various colored claiys and beds of lignite. 


Furt Pierre 


700 


Kiobrara 


200 


Fort Benton 


800 


Dakota 


400 







The surface throughout the region occupied by the Dakotas has been greatly eroded 
aud it \s not probable that the entire series as given above anywhere exists. It is to 
be expected also that the strata above the Dakota sandstone may be found of varia- 
ble thickness and lithological character. These considerations as well as the second- 
ary structure of the Great Plains would have to be investigated in order to predict 
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tor any locality at what depth the water-boring strata might be reached. Some of 
the wells in eastern Dakota derive their water supply from middle Cretaceous. The 
conditions to the west of where these wells are located seem equally favorable for ob- 
taining flowing water from this horizon. It is* to be expected, however, that water 
derived from these strata would be less pure than from the Dakota sandstone and 
consequently of doubtful value for irrigation. The Laramie may also be expected to 
yield artesian water. 

Beneath the Dakota along the western outcrops there are shales and other imper- 
vious strata belonging to the Triassic system. It is to be expected that these coarse 
Triassic beds will carry water, but the great depth at which they occur underneath 
the Great Plains probably renders their consideration as a source of water supply 
necessary ; besides, the Triassic strata are so highly charged with easily soluble salts 
that water derived from them would be too alkaline and saline for irrigation or do- 
mestic use. 

Note. — ^These statements were made up in the U. S. Geological Survey by various 
geologists, gathered from many authorities, and presented by Director John W. Powell 
to the United States Senate Special Committee on Irrigation as his conclusions. 

WELLS IN NEBRASKA. 

Record has been found of but four artesian wells, one at St. Helena, 
a short distance below Yankton ; one at Omaha ; one at Lincoln, a min- 
eral water ; and one at Brownville, in Kemaha County, in the south- 
eastern part of the State. 

That at St. Helena derives its waters from the Dakota sandstones, at 
a depth of 400 feet, and in reality belongs to the system of South Da- 
kota. The flow is copious. 

The wells at Omaha, 760 feet, Lincoln, 986, and Brownville, 1,001 feet, 
derive their water from various strata in the Goal Measures. Of these 
the well at Omaha afibrds pure, fresh water. The Lincoln well yielded 
fresh water (not artesian) at a depth of 100 feet; a strong brine at 244 
feet, the base of the Dakota, and medicinal water at 544 feet. The 
last is the water used. The flow is strong. Of the Brownville well no 
record of its water can be found. 

These statements are made on Director PowelFs authority. Pro- 
fessor Hicks, State geologist, says : 

The artesian water of Nebraslca is the best I ever saw. The belt runs somewhat 
west of north. That belt strikes Nebraska. In Knox County there is excellent arte- 
sian water to be found and at very moderate expense, but it is not in the belt that 
needs it. That artesian water is going to be of great value for power, if for nothing 
else. You can ^et a great water-power by boring into the earth. In the western re- 
gion, where irrigation is most needed, the results of exploration for deep artesian 
waters have so far been negative. 

AN ESTIMATE FROM COMPETENT AUTHOBITY. 

Oapt. George M. Wheeler, B. 0., U. S. A., retired, expressed the be- 
lief that of the 'reclaimable areas of this country 16 per cent, will be 
irrigated by artesian wells. He believes 300,000,000 acres can be re- 
claimed. 



Digitized by 



Google 



ARTESIAN WELLS AND WATER IN KANSAS. 



97 



The following table is the result of the observations of Geologists 
Mudge, Hay, and St. John, and of evidence taken before the United 
States Senate committee : 



No. 


Geological hori- 
zon. 


Location. 


1 




^1 


Remarks. 


1 
5^ 


Tertiary 

do 


Edward's well, Meade Co. 
do 


Feet. 
155 
165 
185 
140 

125 
127 

175 

142 

50-176 


In. 


QalU. 
36.00 
32.4 
29.6 
66.6 

37.3 
37.3 

9 
9 
1-30 


Pure. 
Do. 


3 


...d© 


do 


Do. . 


4 


..do 


Mart's well, Meade Co.... 
Bower's well, Meade Co . . 

Cox well, Meade Coanty. . 
do 


Do. 


5 
6 


....do 

....do 


i Pure ; waters rise 15-20 feet 
< above surface. Tempera- 


1 


...do 


( ture Meade Co. wells W^ F. 
Pure. 


8 


.::.do.:::: 


Do. 


9-W. 


...do 


60 other wells. Meade Co.. 
Norton, Norton County. .. 


Do. 


6y 


Tertiary? 

do 


^No data; may be Dakota; 
> depends on depth. 


70 


Hoxie, Sheridan County.. 








71 


Dakota 


Smith Centre, Sn\ith Co .. 








No data; may be Tertiary; 


72 


....do 

...do 


Great Spirit Spring, 

Mitchell County. 
MUtonvale, Cloud County. 
Wa Keeney, Trego Co . . . 








depends on depth. 
Natural artesian flow. 


73 








No data as to water. 


74 


....do 








Do. 


7ft 


...do..... 

....do 


Hays City, Ellis County.. 








Do. 


7fi 


Great Bend, Barton Co. . . . 

Kinsley, Edwards County. 
Dodge City, Ford County. 
Santa F6, Haskell County 
Ulysses, Grant County , . . 


344 




6.76 


Saline; trell bored to 1,400 


77 


...do 


feet, but water from 344 
feet; rises 30 feet above 
surface. 


78 


....do 








Do. 


79 


...do 








Do. 


80 


...do 

....do 








Do. 


81 


Opera House, Coolidge, 
Hamilton County, 

Peck's well, Coolidge, 
Hamilton County. 

Border's well, near Cool- 
idge, Hamilton County. 

Burt's well, near Coolidge, 
Hamilton County. 

Nolan's well, near Cool- 
idge, Hamilton County. 

Rich's well, near Coolidge, 
Hamilton County. 

Syracuse, Hamilton Co . . . 

Ashland, Clark County . . . 


239 

298 

200 

275 
240 

240 
1,000 


6 


45 
100 

8 

35 
53 
50 


Pure; water rises 15-20 feet 


8?l 


....do 


above surface; now choked, 
owing to Opera-House fire. 
Temperature 61° F. 
Pure and medicinal ; water 


83 


....do 


rises 15-20 feet above sur- 
face; ibediciiial properties 
slight. Temperature 61 o F. 
Pure ; water rises 15-20 feet 


84 


....do 


above surface ; used for ir- 
rigation. Temperature 61<^ 
F. 
Do. 


8r) 


....do 


Do. 


86 

87 


....d» 

do 


Do. 

Water rose only to 90 feet be- 
low snrfare. 
No data as to water. 


88 


....do 






89 
90 


TriasBic 

...do 


Richfield, Morton County. 

Lamed,.Pawne© Connty . . 

Russell, RussellCounty - . . 
Winfield, Cowley County. 


600 

750 

977 
1,200 


.... 


6.3 

250 

Good. 
..do... 


Pure and medicinal; mineral- 
ization slight. Tempera- 
ture 66° F. Dakota fur- 
nished no flow ; penetrate<l 
Trias 265 feet ; water fiom 
570 feet. 

Saline and medicinal; water 


91 
9?! 


Carboniferous . . 
....do 


spouts 10-15 feet high. 

Temperature 65° F. 
Saline ; may be Triassic. 
Saline ; rises 6 feet above sur- 






face. 
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WELLS IN WESTERN TEXAS. 
List of wells. 



No. 


Geological hori- 
zon. 


Location. 


5 


1 


^ 

k 
1 


Remarks. 


1 
3 


Tertiary 

Lower Cretace- 
ous (probably 
Dakota) 
...do 


Carrizo Springs, Dimmit 

County. 
Cotnlla, La Salle County . . 

San Antonio, Bexar Co 

San Antonio (near), Bexar 
County. 

Dallas, Dallaa County 

Fort Worth, Tarrant Co . . 
Weatherford, Parker Co . . 


Feet. 
176 

1,008 

225 
450 

750 
350 


In. 
4 


Good. 
..do-. 

..do... 
..do... 


Pare. 

Medicinal; fets above surface. 

6 ft. ; water alkaline saline. 

Temperature »fP Fah. 
Pure. 


4 


...do 


Pore and medicinftl • crniM hA 


f» 


...do 


.... 


..do... 
..do... 


used for medicinal purposes. 
Pure. 


6 


...do ... 

...do 


Do 


7 






No data as to water. 


R 


.. «io 


Canadian, Hemphill Co . . 








9 


. . d«» 


Tascosa, Oldham County.. 










10 


.. do 


Armstrong. Armstrong Co 
Mobcetie, Wheeler County 
Clanmdon, Donley.County 
CbildroHs County 










11 


...do 










1? 


do 










n 


....do 












- do 

..do . 


Cottle County 










ir> 


Floyd County 










111 


...do 

..do 


Margaret, Hardeman Co . . 










17 


Crosby County 










IK 


. do 


Peppsr's Itanch, Kent Co. 
Haskell, Haskell County.. 










19 


do 










*>» 


...do 


Anson, Jones County 










?1 


...do 


Roby, Fisher County 










*^ 


...do 

...do 


Snyder, Scurrv County ... 










'>3 


Dawson County 










'»4 


...do 


Trent> Taylor County 










26 


do 


Sweetwater, NoUnCounty 
Colorado, Mitchell County 
Big Springs, Howard Co.. 






, 




20 


...do 










"7 


...do 

...do 










•?8 


Manenfeld. Martin Co ... . 










''ft 


...do 


Midland, Midland County. 
Glasscock County 










^0 


...do 










31 


do 


Coke County 










39 


...do 


San Angelo, Tom Green 

County. 
Centralia, Tom Green Co 
Aroya. Ward County 












...do . 










33 










34 


.. do 










35 


...do 


Toyah, Reeves County. . . . 










36 


do 

(Jarboiiiferous .. 

...do 


Wild Horse. El Paso Co . . 










37 


Wichita Falls, Wichita 

County. 
Archer, Archer County . . 




















38 










:^ft 


...do 


Henrietta, Clay County . . 










40 


.. do 


Moutaf^ue, Montague Co.. 










41 


do 


Throckmorton, Throck- 
morton County. 
Jacksborough, Jack Co... 












.. do 










4'> 










43 


...do .. 

.. do 


Palo Pinto, Palo Pinto Co. 
do 










44 










i'> 


. do ...... . 


Albany, Shackelford Co. . . 










•lO 


...do....-^ .. 

....do 


Abilene, Taylor County . . 










47 


Tebo, Taylor County 










48 


...do 

...do 


Baird, Callahan County ... 










40 


Eastland, Eastland Co 










50 1 
52 

r.3 

t 


....do 


Eastland County 










do .... 


do .1 










....do 


Stephenville, Erath Co . . . 










do 


Comanche, Comanche Co . 
(voleman, Coleman Co 










....do 










do 


do 










do 


Runnels, Kunnells Co .... 










.. do 


San Saba, San Saba Co 




















. 



Mr. Frank E. Roesler, of Dalla>s, Tex., who has devoted much time 
and study to questions involved in the economic uses of well-water, es- 
l)ecially in irrigation, describes as follows the water supply by wells of 
the Staked Plains region : 

The ** uuderj^rouud water " is generally found at varying depth. At Marienfeld, on 
the eastern edge of the plain, at from 60 to 90 feet ; at Gtormania, 10 mil6s west, at 45 
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to 60 feet; at Midland, 20 miles west, at 35 to 50 feet; at Odessa, 40 miles west/^ 
30 to 60 feet ; at Donro, near western edge of the plain, none. In a few localities 
"joint clay," a water-proof material, on which the *♦ underground" water rests, 
comes close to the surface. No water was found, though this material has often been 
penetrated to the depth of 500 feet. A few of the surface wells are brackish and sev- 
eral salty, but generally the water is good. Several springs containing soda, sul- 
phur, or gypsum water, as well as a few wet weather salt lakes, are also found on the 
plain. The t)iily permanent running stream on the Staked Plain is "Running Water," 
in Dickens County, a bright, sparkling stream that suddenly breaks out of the 
ground, ripples over a pebbly bottom for a distance of 10 miles, and then mysteriously 
disappears, like many other streams west of the Pecos River, notably Leon Wells, 
CoDiancbo Springs, Escoudido, Limpia, and Toyah Creek, or the underground river 
near Castle Mountain, in Crane County, which is working its way to daylight by 
washing away the roof covering it, occasionally causing a part of it to fall in. A 
Bimilar stream exists in the northern part of Crocket County, which was not known 
to exist a few years ago, though a recent cave in exposed an abundant water supx>Iy 
20 feet below the surface. 

Nearly all the wells dug or bored in the " underground " water, under the lime- 
stone, show a tendency to rise above the point where the water was first'reached. In 
some localities a rise of 20 to 30 feet was observed, showing that the supply is under 
considerable pressure. Borings at Odessa have shown five separate layers or deposits 
oK water to exist between the surface and the "joint clay " 100 feet below. Between 
the Staked Plain and the Pecos River is an ancient fresh-water lake basin, known as 
the "White Sand Hills," which is covered with numerous ponds of pure fresh water. 
The supply is permanent, and said to be inexhaustible. The railway wells at Mona- 
haus. in this locality, furnish an immense supply. Altitude, 2,620 feet. The wells 
we8t of this and to the Pecos draw their supply from the seepage of the Pecos River. 
East of the Staked Plain the wat-er supply in wells is variable as to quantity, quality, 
and depth .« In Howard County good water is abundant in the southern part, rather 
deep in the northern part, and brackish in the town of Big Spring. In Mitchell 
Couuty generally good at 30 to 50 feet, sometimes strongly alkaline. Several wells 
bored are capable of furnishing 9,000 gallons of water per hour continuously. At a 
depth of 200 to 300 feet super-saturated salt brine, claimed to be chemically pure, is 
iound in inexhaustible quantity, and a fine grade of salt is manufactured. The Colo- 
rado River carries water in its bed nearly all year round. Its water here is said to be 
brackish and salty. A chemical examination will have to determine whether or not 
the water can be used for purposes of irrigation. 

THE STAKED PLAINS. 

Mr. Boesler gives in this connection, some data bearing on the prac- 
tical use of wells : 

On the Staked Plain but very little water will be needed, but when needed is 
needed badly. Continuous irrigation is not required. In the history of every crop 
there is a critical moment in which it is determined whether or not the farmer shaU 
have a full crop, a half crop, or a failure. A rain-fall to-day makes his crop, a rain- 
fall two weeks hence does him no good. One or two, or possibly three, irrigations 
during the year, eacli equaling a two-inch rain-fall, would bring him a great harvest. 
More than that he will hardly need. In 1888 and. 1889 he made a full crop without 
irrigation ; in 1886 and 1887 he did not get his seed back, though the rain-fall of each 
year, if properly distributed, would have made splendid crops. 

The acreage that can be irrigated from a 6-incn bored well in a dry year by using 
a 10-foot windmill will be about five acres; varying with the rain-fall. By the use 
of a suitable storage-tank the capacity of the plant may possibly be doubled, but at 
all events the acreage irrigated is vei^ small compared with the cost of the outfit, 
which runs between |200 and |350. Five acres under irrigation by a $200 plant will 
cost the owner $40 per acre, and if he borrows the money, paying 10 per cent, interest, 
ho practically pays a water rent of |4 per annum. 

This expense is for water alone. If the farmer plants trees and ^rape- vines he 
must have rabbit-proof fencing^, which may cost him $10 per acre additional. Com- 
paratively few new settlers will be financially able to incur such expense as is nec- 
essary for a good water plant, and if they do succeed in securing their water supply 
it will be at such cost per acre that very high-priced crops must be grown and suc- 
cessfnlly marketed to meet the interest on the investment to be profitable. The 
raising of the cereals and forage crops by irrigation will, therefore, be entirely out 
of the question, but if the cost of the water supply can be,' reduced, the growing of 
early vegetables, fine table grapes, early fruits, raisins, prunes, and the making of 
wine can be made profitable, > 
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The estimates on a section of land near Mildland or Odessa, where the presence of 
tvater in saffioient quantity has been determined by preyioos tests, are given as 
follows : 

640 acres of land, at $3 per acre $1,920.00 

704 fence posts, at 15 cents 105.60 

1,408 stays 1x6 (704 feet of lumber) 35.00 

7,200 iiounds Glidden barbed wire, at 5i cents 396.00 

21,220 feet 30-iuch netting, H »nch mesh, No. 19 wire 462. 00 

Freight on same ..^ 50.00 

4 gates, staples, hardware 75.00 

30 adobe or box houses, at $150 each 4,500. 00 

27,040 young f rui t trees and freight, at 10 cents, for 160 acres 2, 704. 00 

64,000 young rooted grape-vines, at 5 cents, for 160 acres 3,200. 00 

Office of superintendent 250.00 

Salary o^* sa per inteudent three years, at $720 2,160.00 

Wages, five farm laborers two years of three hundred days, at $1.25 per day 3, 750. 00 

Surveymg, freights, commissions, advertising, etc... 2,200. 00 

Farming implements, live-stock, etc 500.00 

22,307.60 

The total cost of improvement per acre will be $34.85, or $22,307.60 for the section. 
All'of the laud is put in tillable coudition, but only one-half is planted in trees and 
vines. There is a delightful uncertainty as to quantity of water obtainable, size and 
capacity of wells, windmills, and storage tanks required. The estimate will vary 
with each sectton of land used, The estimate on a certain section of land which the 
writer has in mind is as follows : 

Seven dug wells, tunneled in water-bearing strata, at $1,200 ^... $8,400 

Seven 30-foot windmills, pumps, towers, etc., at $700 4,900 

Teu storage tanks, at $350 ^ 3,500 

SixmUesof wooden flumes, etcj 95,000 feet lumber, at$25 2,500 

19, 300 

An average cost of $31.10 per acre for water. Adding together the cost of the im- 
provements, $22,307.60, and the cost of water supply, $19,3(%, we have a total cost of 
$41,607.60, or $65.01 per acre. 

WELLS IN THE NOBTHWBST. 

At Miles Gity, Mont., foarteaa artesian wells have been saccessfolly 
bored. The depth is from 635 feet or less. The average bore is 4 
inches. On tlie other side of the Yellowstone River a flowing well was 
obtained at 50 feet, the elevation being 600 feet above the river. The 
water in these wells is chiefly ased for garden irrigation and domestic 
uses. At Helena the city is supplied from deep artesian wells. In the 
vicinity, however, artesian water has been obtained at a depth of KJO 
feet. It yields 200 gallons per minute, is of good, elear character, and 
is used for irrigation to a limited extent. At Billings a well over 1,000 
feet in depth is in operation. 

Artesian water has been found and utilized by wells at Oxford, Boise 
Oity, Idaho, Pasco and Eoslyn in Washington, and at Warm Springs, 
Oregon. 

WELLS IN UTAH. 

This Territory furnishes some valuable evidence of the use of arte- 
sian and flowing wells in agricultural operations, but it is stated by ex- 
perts that such evidence is overestimated. The weUs so far found are 
in some one of the basins of the ancient lake of whieh Great Salt haik^ 
is the present remainder. In his official report to the Senate committee. 
Governor Thomas said : 

The clay sediment from that lake makes the imperyioos cap of tfeos^snbterraneaa. 
reservoirs, whose rims are but slightly elevated above the villages, a«d the reservoirs 
are fejd from the bases of the mountains where the surface water runs over the grav^ 
-'^brie between the mountains and the clay rim. The average depth of these arte- 
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sian wells in Salt Lake Valley is a))oat 100 feet, in Utah Valley 200, and in Tooele 
aboat the same. In Millard County a few wells have been driven with a depth of 
about ^KK) feet and a flow of one-half to 10 gallons per minute through 1^ inch pif^e. 
Since no solid rock is struck in driving these wells they are very liable to clog up in 
a Haw years. The flow in Salt Lake Valley will not average 25 gallons per minute, 
though some wells far exceed that. A well flowing 5 gallons per minute will irri- 
gate an acre of ground. 

Utah County reported tJiat artesian water can be had for all the land 
on the west side of the valley. Prof. M. B. Jones does not tbink that 
the Utah wells are of trae artesian character. He said : 

In Utah it is very different. The artesian wells or basins are very large, some of 
tiiem occupying, perhaps, 100 square miles ; but the ^ater is obtainable only around, 
on the edge, and when you get out to the middle of the valley, you are so far away 
from the source of the supply that yon will get only about half a gallon a minute, 
which is only enough ibr drinking purposes. We can not, therefore, depend on a^*- 
tesian wells in this vicinity for an increase of our water supply. 

There are over five thousand of the small artesian or surface-fiowing 
wells in the Territory. Certainly 20,000 acres are now irrigated by 
them. 

WELLS IN NEVADA. 

The State claims a considerable area of artesian waters. From a 
report made by the State iKiard of reclamation, after a reference to the 
large number of mineral springs in the State, the following is quoted : 

Nevada occupies a prominent place as a mineral-spring State ; both hot and cold 
springs are found in every county. The warm and hot springs are found mainly in 
connection with geological fault-lines or fractures of the strata. Can wo not, from 
these facts, reasonably conclude that the sinking of artesian wells would not only be 
advisable, but that tiie probabilities of obtaining large streams of water therefrom 
are great? 

There were, in 1888, sixty-five wells sunk in our State, ranging in depth from 109 
to 310 feet, twenty-five of which were 6 inches in diameter, averaging in flow about 
2U gallons per minute, 

The others have a diameter of 3 and 4 inches, and vary in flow from 11^ to 33 gallons 
per minute. 

[From sarveyor-general's report, 1887>'88.] 
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Three counties, Storey, White Pine, and Washoe, have no wells to re- 
port. It is claimed that the following areas are underlaid with artesiaa 
water, which may be made available for irrigation : 




Bareka 

White Pine . 
Nye 



(DiMDond 

^rubb, Monitor, and Antelopo 

Newark 

Pahrimp 



500 
500 

aoo 

1.750 



2,960 



That is, a total of 1,888,000 acres. The number of springs (mineral) 
reported in Nevada is 115. There are also a large number of non- 
mineralized springs, some of which are of large size. One is reporteld, 
the water from which irrigates 2,500 acres of land. 

IN CALIFORNIA. 

A large number of artesian and flowing wells are developed in this 
State, and they are extensively used in agriculture and horticulture 
for irrigation. The wells whose waters rise to the surface, flowiDg 
probably from the primary and secondary water beds, are very nu- 
merous in the foot-hills, central valley, and bay regions of the State. 
They irrigate all gardens and considerable areas of orchard. In the 
coast counties south of San Francisco such wells are common ; their 
sources being everywhere accessible. In the eastern sections or rims 
of the San Joaquin, San Fernando, San Bernardino, and other valleys, 
on the Mohave Desert, and along the edge of the Colorado Desert, ar- 
tesian and flowing water belts have been extensively developed. Some 
of them are of large extent and considerable volume. In Tulare and 
Kern Counties there are large districts supplied entirely by artesian 
water. Some of the wells are of great volume. One at Delano, Kern 
County, for example, is reported as capable of irrigating for alfalfa and 
grain some 20,000 acres. Used for fruit land^ then, the duty would be 
nearly double. 

In the San Fernando Basin, in both Los Angeles and San Bernardino 
Counties there are already nearly two hundred wells developed for irri- 
gation use. They play an important part in Eiverside and its related 
colonies ; at Chino, where 20,000 acres are irrigated by them ; at Rp- 
mona, Cucamonga, Temescal, Yivienda, and in fact^ are found in all the 
irrigated areas, colony lands, ranches, or small holdings. 

The San Bernardino Basin is important as a well region, over five 
hundred being made use of for irrigation purposes. At Old Eiverside* 
there are fifteen wells in use, flowing 300 miner's inches a second. An 
average flow of 20 miner's inches per second is sufficient for 1 acre. 
i 

*THE SAN BERNARDINO BASIN. 
[From Hall's Irrigation in Soathem California. 1 

The water snpply for the pipe-line works is derived and expected to he derived 
from artesian wells in the San Bernardino hasin, at a point three quarters of a mile 
south of the river hank, and ahont 1^ miles east of Warm Creek mouth. The ground 
elevation here is about 995 feet above the sea, about 115 feet above the highest point 
in, and 180 feet above the general elevation of the central portion of Riverside town. 
Here on a plat of 7^ acres, just within the recognized lower limit of the artesian basin, 
ami near to the famous Hunt artesian spring, seven artasian wells, each 11 inches in 
diameter, have been bored, six of them to depths varying from 111 to 120 feet, and 
one to a depth of 215 feet. Their flow ranges from 18 to 28 miner's inches to the weU, 

4 the total supply is 163 miner's inches. The work of boring other wells is in prog- 
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The average flow per well in this basin has been estimated at over 
47 such inches, making a service of 2^ acres per well. With the careful 
economy of water now practiced by small storage tanks and pipe dis- 
tribution it is quite certain that the area of duty may be easily doubled. 
The one thousand artesian wells now flowing in southern California 
wai therefore have an irrigated service of ^ieast 5,000 acres. A 
curious fact has been developed, showing theJKpendence on the moun- 
tain drainage of the arterial veins and basins. The seasonal ebb and 
flow of volume in these wells is quite regular and marked in amount. 
Ex-State Engineer Hall thus describes the artesian supplies of the 
region: 

ITS RAINFALL AND ARTERIAL DRAINAGK. 

It is a known fact that along the upper edge of the plain — at Highlands, near the 
extreme eastern end of the valley, at Etiwanda farther west, and otner places, where 
observations have been made — ^the rainfall is about double that which is found on the 
plains but a few miles away. And so, precipitation is not here affected so much by 
altitude as by the presence of the wall -like mass of mountains which obstructs the 
movements of the clouds, and holds them until they bank up to the point of releas- 
ing their vapors. 

Speakingnowonlyof that portion of the mountains within San Bernardino County, 
with the exception of the region lying on the sides of San Bernardino peak and Gray- 
back, drained respectively by MiU Creek and the Santa Ana River, ana the region out 
of which comes Lytle Creek, all of the mountain catchment areas are such as shed 
their waters with remarkable promptitude. The drain slopes are exceedingly steep, 
oftentimes, in the main cafions even, 200 to 300 feet per mile ; and on the southern 
face of the range, although in the cafions there is a wooded growth, those accumu- 
lations of vegetable molds and soils which are recognized as holding waters, and 
giving them out in the form of surface drainages, are umited in extent. 

At some time, in the geological history of this country, it has been subjected to an 
immensely greater rainfall than it receives at present ; such that enormous torrents, 
comparatively speaking, have come out of these mountain cafions, and piled great 
masses of bowlders and gravels before them. The principal streams have built ver- 
itable ridges far out into the plain in front of their ca&on mouths, which slope not 
only forward, but sideways ; and looking at the base of the mountain across the val- 
ley from south to north, one sees the profile of the plain as it rests against the mount- 
ain's base, with hills out upon which the streams come, and valleys in between. The 
heads of these ridges, next the cafions are, of course, composed of specially permeable 
detritus, which extends up into the cafions, filling the deep bed-rock cuttings with 

ress, and it is intended to continue it until a flow exceeding 225 miner's inches is 
secured. The wells are located at 50-foot spaces in two diverging lines 50 to 200 feet 
apart. Their waters, received into a little cement basim around each well, are collected 
bv means of small flumes into a shallow, masonry-lined, circular reservoir 30 feet in 
diameter, across which is an overflow weir, and over this the water drops in a thin 
sheet, thus becoming somewhat aerated before entering the pipe. 
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masses of broken matter, ranging from sand grains up to rocks of many tons weig^ht. 
Into such beds a large portion of the waters of these streams sink, and percolating 
throngh the interstices, and ranning throagh the-openings in the debris, find entrance 
into the old channels of former streaqis iu the permeable layers under the plain, kmg 
since closed over by layers of material less permeable and which have becoaie ol^seiy 
ceiiioiited. Sucli is tlie source of artesian waters which are found to rise in the bot- 
toms of the basins throu^ont the country. The San Bernardino valley, or basin as 
wo have called it, is a vSt-jyyell marked formation of this class. Again, the land at 
tlio foot of the great Cnoan^^a plain and resting against the Coast Range, wtiicfa is 
herein called the Rincon basin^ is another such formation. 

Into the San Bernardino basm from the west a part of the waters of Lytle Creek 
find passage through gravels, which it has deposited in channels here and there nt 
different periods in its existence, and which are more or less permeable. Alargepadrt 
of those of the Cajon pass stream sink farther up, and find their lodgment also in tke 
artesian strata pf this basin. From the east the Santa Ana river comes through a 
wide cation, filled, no one knows how deep, with such debris ; and a share of its 
waters contribute also by this means to the artesian supply. While the streams like 
City Creek, Twin Creeks, Devil's Cation, and others, which come to the valley at its 
northern edge, seldom ever course beyond a few hundred yards into the plain, and 
there sink to the same great receptacle — the subterranean gravel-filled chaniMls. 

The artesian basin of the Rincon and Chino is fed by the sinking waters of Bab 
Antonio, Cucamonga, and other caQons which run into the upper eage of the Caea- 
monga plain, 10 miles or more %way, and 1,000 feet higher. While the nprfsing of 
waters in the neighborhood of Pomona is but their liberation from someold channels 
and beds of San Antonio Creek on their way down under the plain towards the Bin- 
con. 

The arterial drainage of this whole country is one everywhere complicated by 1^ 
artesian feature thus outlined. The Santa Ana River sinks and rises, and sinks asain 
rapidly in its course, and receives tributaries nnder ground, so that it would be diffi- 
cult to identify waters rising below with those which have sunk at any speoified 
locality above. It is the main drainage way of all this country, however, and the 
entire arterial drainage output of the great San Bernardino Valley, speaking now of 
the whole region which has inst been described, and not of San Bernardino basin 
alone, is probably by way of the Santa Ana Ca&on above or beneath its sands, through 
the Coast Range. 

IN SAN DIBCK) COUNTY. 

The Dpper San Jacinto Valley, in San Diego County, is the only basin 
explored. The limits of the artesian belt have been well defined by 
borings, and comprise about 10,000 acres. There are now one hundred 
and nine flowing wells, and as yet the flow of existing wells has been 
slightly, if at all, affected by the new ones : 

The characteristics of all the artesian basins of southern California are here Tepro- 
duced. The water-bearing strata are six or more in number, and lie at a depth of 
from 12 to 500 feet below the surface. They are not uniformly distributed over the 
area of the belt; that is to say, they apparently follow old river channels, whose 
courses are not clearly traced out, and there is a measure of uncertainty in boring a 
well as to which of the water-bearing strata will be encountered. The generality of 
the wells bored are about 200 feet in depth. Some of them have the strong flow of 
20 to 50 miner's inches. The head of pressure forces the water to heights varying 
from 5 to 18 feet from the surface, and it is customary to control the flow by extend- 
ing the casing or pipe a short distance higher than the water will rise, and tap it 
again when the water is required by a valve on the side near the surface, a con- 
venient arrangement. Attempts have been made to strike flowing water on the 
Lower San Jacinto plains, at various places, without success. 

IN COLORADO. 

A very marked artesian basin is that of which Denver is the center. 
There are abont four hundred wells within its limits, of which about 
sixty are retprned as used in irrigation service. The area nnder them 
is unreported at present, but it is known to be of considerable extent 
Other development is in progress in the State. 
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IN WYOMING. 

Ou Laramie Plains, artesian water has been strack. Some thirty 
wells are developed. There are other developments under way and 
great hox>es are entertained of the future economic value of artesian 
water in this State. 

No saeh development has yet been had in New Mexico and Arizona, 
yet the indications are excellent. ^ 

THE UfiGB OP WELL WATEBS. 

Prof. George B. Culver, of the State University, Vermillion, S. Dak., 
who serve -* the United States artesian well investigation as its Dakota 
g^ogist, has made some calculations of value in relation to the use of 
water in irrigation, which are given here : 

"Oae inch of rainfall gives 860 barrels to the arce. 

One inch of rainfall gives 550,400 barrels to the section. 

One inch of rainfall gives 19,814,000 barrels to the township. 

The average rainfall of the Missouri valley is abont 20 iuohes; probably a little more 
in the region under discussion. Multiplying the number in the above table by 20, we 
have the following results : 

Twenty inches of rainfall gives 17,200 barrels to the acre. 

Twenty inches of rainfall gives 1,100,800 barrels to the section. 

Twenty inches of rainfall gives 39,628,800 barrels to the township. 

Suppose it is desirable to double this amount by means of wells, and suppose a Well 
flowing 100 barrels a minute be taken as a standard. Such a well furnishes: 

'One hundred barrels a minute, 6,000 barrels an hour, 144,000 barrels per day, 
52,560,000 ban-els per year. 

Making the division, we find that it would require seven such wells in each town- 
ship, provided that all the water is used in the township, none escaping to the lower 
levels. It is not; probable that this latter would be tr^ie. Nor is it believed that it 
would be necessary to double the present rainfall. One-half that amount under con- 
trol would be ample. 

Director Powell, of the U. S. Geological Snrvey, presented to the 
Senate Committee on Irrigation, in offering data as to wells already 
qnoted, the following views : 

ECONOMIC UMITATION ACCORDING TO DIRECTOR POWELL. 

Artesian reservoirs can never furnish waters for agriculture on a scale of sufficient 
magnitude to be considered as an important source of supply. The amount of waters 
which porous rocks will supply is always very insignificant compared with the amount 
neoessary for irrigating any great tract of land. More than half the agriculture of 
the world is dependent on irrigation. Of this, a very insignificant amount depends 
on artesian wells. There are wells here and there in Europe, Asia, Africa, and 
America, and in some of the great islands, but altogether they furnish a very small 
nmonnt of water for agriculture. If all the artesian wells used for irrigation in the 
world were assembled in Dakota they would not irrigate a county of land. But 
there are other serious reasons why the attention of the people of the great plains 
shonld not be directed too confidently to this resource. It is the experience with ar- 
tesian wells everywhere throughout the world that if too many are bored in any ba- 
sin all are destroyed thereby. In the northern Illinois district, it was hoped that the 
great city of Chicago could be supplied with water for domestic purposes by artesian 
wells, but experimentation proved that, while a few good wells could be secured, a 
great number was impossible ; that the supply of water would be absolutely inade- 
quate for the wants of the city ; and so the authorities were compelled to resort to 
the lake for their supply. Now, to irrigate the site of the city of Chicago would take 
more water than to supply it for domestic purposes ; so that the artesian wells of 
that district would be entfrely inadequate to irrigate an area as large as the city, or 
perhaps one-fifth or even one-tenth of the area. Some years ago it was poiuted out 
that tlie city of Denver and the region round about was the site of an artesian basin. 
The tirst well site proved to be very valuable, and the desire to secure water for do- 
mestic purposes therefrom led to their multiplication. More than three luindred have 
now been bored, and gradually with the progress of the boring the collapse of the 
wells has resulted, and now all the wells have to pumped ; there is little or no 
fiowing water from them. These instances might be multiplied all over the world, 
an«l the experience of mankind entirely testifies that it would be unwise to encourage 



106 IRRIGATION IN THE UNITED STATES. 

ihci poopio of auy district of country to depend upon artesian waters for irrigation on 
any lai>»e scale for farminj^. Waters for domestic purposes, for irrigating gardens, 
and for supplying stock ranches may tiius bo obtained in many regions, and the sap- 
]dy of water that can thus be furnished is of value ; but when considered as a source 
for agriculture, for the cultivation of fields and large tracts of country, it will always 
be inadequate ; and it is unwise to encourage any people to engage in agriculture on 
a largo scale and depend on irrigation from artesian wells. 

For the district of which I am now speaking, extending from the British to the 
Mexican line in a broad belt across the plains on both sides of the hundredth me- 
ridian, the people will ultimately be compelled to depend upon another source of 
supply, and one so important that in comparison therewith the artesian supply sinks 
into insignificance and seems h,ardly to be worthy the mention. I refer to the use of 
the storm waters. One-third of the agriculture carried on by irrigation throughonfe 
the world is prosecuted by tlie storage and use of storm waters, and the experience of 
mankind in this respect is replete with lessons that can not be neglected. The region 
to which this is especially applicable is the subhumid region. It differs from what 
I have called the arid region in that it generally has a greater rain-fall, distributed 
more evenly over the country, a« it is not interrupted by great mountains where the 
precipitation is concentrated, having from 15 to 22 inches of rain-fall in the average 
year; sometimes more, sometimes less. There are many years when agriculture is 
prosperous without irrigation ; there are others when it fails without an artificial 
supply of water. Gradually with the progress of agricultural development it is pos- 
sible to cover the country with storage basins, or tanks as they are usually termed, 
in which water may be held to be used in seasons of drought. By this means the 
farmers may be able to tide over the dry years, and farming may be made prosperous 
and highly remunerative thereby from vear to year. It is in this direction that the 
attention of the people of that region should be turned. There is another source of 
water for that country of far greater importance than that of artesian fountains, but 
far less than that of the storm waters. I refer to sand reservoirs along the channels 
of the streams, especially of the great rivers. In that region of country the stream 
valleys are often great beds of sand, into which sinks the water which comes from the 
distant mountains, and into which sink the storm waters that come from the adjacent 
hills. Experience in other countries shows that this source of supply is worthy of 
consideration, and the experiments now in progress in the Arkansas Valley give in- 
dications of like character. 

REASON FOR AN INQUIRY. 

The need is imperative and the investigation one that shonld be car- 
ried on even if appropriations are not made for tbe full topographical- 
geological surveys alleged to be so absolutely necessary. There is an 
iinfnense area under cultivation in the arid sections of the world, tbe 
waters for fructifying which are drawu from wells and painfully dis- 
tributed by the most primitive use of man and animal power. It has 
been estimated that in British India alone 20,000 wells are used for 
agricultural irrigation. An estimate has been made that the areas so 
watered support at least twenty million persons. Ceylon, Japan, China, 
Persia, all settled portions of Central Asia, the entire plateau region 
of Arabia (in which there is not a single surface stream and on which 
several millions Jive, in comparative prosperity for an Asiatic people), 
Syria, large portions of northern Africa, from Egypt to Morocco, are 
all largely irrigated by water supplies drawn from wells. It is a subject 
that has never been investigated; but even a cursory examination will 
satisfy an inquirer that at least flinty million persons are supported from 
agriculture carried on by means of the use of wells in irrigation. 

It is quite certain thac there is no occasion to dogmatize in advance 
of systematic examination for or against the economic value in arid 
agriculture of wells and underflow waters, artesian or otherwise. 

THE STORAGE OF WATER. 

The engineering questions involved in the distribution of the waters 
'' in sight," in the preparation for and ])roce8s of storing and impounding 
of the high altitude supplies — snow, storm, and torrential — now largely 
lost in the ground, and in the subsequent distribution are not so in- 
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volved and "scientific" in character that the "plain" people ma.y not 
understand them when properly informed. 

In regard to' high altitude work it must be borne in mind that what 
we now really know of the precipitation over the whole of this region 
relates more to the valleys and the table-land than to any other part. 
All meteorological or weather service reports have been simply for the 
purposes of local trad€ and traffic. We have had no system of ob- 
servations of a definite and distinct character in regard to the mountain 
ranges. The rain chart presented in the last census by Mr. Ganuet, 
and which has been improved by later observations, shows the only 
record that of rain-fall definitely from the ninety-eighth degree to the 
Pacific Ocean will range from 3^ inches at certain points, as at Yuma 
and on the Colorado Desert, or going from the east to the west, from 
20 inches down to 8 and 9 in the basin, and up again to 18 and 20 or 
24 on the Pacific coast. It is known as a matter of fact, though not 
as a recorded series of observations, that the rain-fall and snow pre- 
cipitation on the mountains is from 30 to 60 inches in excess of what 
it is in the valleys below. The average snow-fall on the Sierras will 
be from 60 to 70 feet of loose snow, giving us on the basis of 11 inches 
of snow to 1 of water from 5 to 6 cubic feet of water. All, or nearly 
all, of this water runs to waste. At least 40 per cent, of it passes 
away in evaporation, and the remainder into the ground. Probably 
the largest portion disappears below. 

The United States Irrigation Survey reports up to the close of 1889 
the storage capacity of reservoir sites so far surveyed to be as follows : 



LocaUty. 


Capacity. 


Delivery. 


Colorado 


Acre-feet. 
228,200 
445,000 

1,500,000 

715, MO 

62.800 


Acre-feet. 
334,200 


California 


55,000 


Itlaboaod western Wyoming ..« 

Montana 7. 


3,220,000 
2, 165,600 


Utah 


56,300 








Total 


2,651,500 


5, 831, 000 







From the statement made before the Senate committee bylho Di- 
rector of the Geological Survey of the total amount of lands *' selected ^ 
as irrigable in the following States and Territories, the followiiig fig- 
ures (in acres) are given : 

Montana 11.500,000 

Idaho 10,900,000 

Utah 2,200,000 

24,600,000 

** Segregated'' as irrigable : 

California 1,800,000 

New Mexico, on the Rio Grande and Rio Grande Valley.. 5,200,000 

7.000,000 

Total 31,600,000 

FOREST TREES AND THEIR CONSERVATION. 

The subject of forestry is a part of the investigation of the question 
of the irrigation of the arid region and its importauce can not be over- 
rated, for "it is the discovery of a new continent, by knowledge, skill,sci- 
ence, and arf Possessing 75,000,000 acres of forests, little or no atten- 
tion has been paid to the subject until very lately, and that only tenta- 
tively, by Congress. Our forests are wasted by fire and neglect, which 
by a judicious and economical management could be conserved and in- 
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creased, and by their conservation and increase humidity will follow 
with new areas of rain. Trees act as a protection fpom the dry winds, 
and when plante<l and cultivated in narrow belts of timber shelter the 
crop from the wind-break and lower the rate of evaporation. 

The following table, condensed from the report of Mr. B. B. Fernow, 
chief of forestry division in the Department of Agriculture, approxi- 
mates the ratio of mountain land and plains and gives the forest area: 

£o6ky M<mtUain region. 



1 





Area. 


Monnt- 
ain. 


Plains. 


Total 
foreet. 


Moant- 

ain 
forest. 


AContADft ■ ................................... 


Sq.mUet. 
145, 776 
100,200 
100,366 
122,500 


8q. mUeM. 
54,776 
01,129 
78,466 
75, 510 


Sq.miUt. 
91,000 
39, 070 
21,900 
46,900 


Sq.mUes. 
26,285 
16.625 
12,060 
12.500 


Sq.miUn. 
24,810 


Colorjido .... ..................... ............. 


15,400 


Wyoniiug - 


11.5c{U 


NewMexieo 


8.285 








468, 842 


269.881 


198,960 


67,470 


60^075 



SUHMABY. 



Total mountain forest . 
Total forest 



Sqoare 
miles. 



60,075 

67.470 

196,960 

269,881 

466.842 



Aores. 



38,448.000 
43,180.800 
127,334^406 
172, 728. 840 
300,058.880 



Mountain forests equal 22.23 per cent, of mountain area. 

Mountain forests equal 92 per cent, of total forest. 

Little has been done in forestry planting. From the same report of 
the chief of the forestry division the following condensed stiM^ement 
shows the number of entries under the timber-culture : 

Total number of acres entered from 1873 to 1888, inclnsive 38,958, 558. 45 

Total namber of acres entered from 1873 to 1888, inclasive, final proof 

and entry conld have been made in 1888 or earlier ^ 9, 346, 661. 03 

Total number of acres on which final proof was made, or 8 per cent, of 

possible number 784,037.23 

Total number of aores planted 784, 037-t-16=49, 002 

Total number of trees declared to have been planted and cultivated 38, 076, 350 

or less than one tree for each acre entered for timber culture. 

The valuable report of B. B. Fernow, chief of forestry division of 
the Department of Agriculture, bristles with facts upon this most im- 
portant subject, the handmaid of practical irrigation. 

The intimate relation of the forests to the water supply necessary for 
irrigation will soon force itself upon the consideration of those living in 
the Eocky Mountain region, and it is well set forth in a recent state- 
ment of Mr. Nettleton, State engineer of Colorado, who says : 

It is estimated that 60 inches of water fall annually on the eastern slope of the 
Rocky Mountains in the form of snow and rain ; 80 per cent, of this faUs dorini^ the 
winter and spring months. That which falls late in the autumn and early in winter 
is most available for irrigation, as it becomes solid, almost like ice, and melts slowly 
under the summer's sun, affording a steady flow through the irrigating season. Snows 
falling in late spring melt rapidly, and the waters run down the rivers unused. Al- 
though about fifty mountain peaks in Colorado reach an elevation of over 14,0(K) feet, 
yet the suow nearly all disappears every season, small quantities only remaining in 
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smalt patches here and there. On this account there are at present no glaciers i n 
the Rocky Moantains. The cold mountains condense the moisture in Ifhe country ad- 
jacent, thereby robbing the plains of their quota of moisture. 

Hence the necessity for irrigation. It is quite easy to foretell the probable auiouiit 
of water for irrigation purposes for the coming season by watching the amount ot 
snow-fall in the mountains. 

Farmers living from 20 to 30 miles from the mountains, or where they can watch 
the snow-fall on the main range of the mountains, have learned to gauge their crops 
by the time the snow falls and the quantity. If the snow falls early, they expect 
water for late crops. If the snow falls principally in the spring months, they fear 
short water in summer and fall, and plant or sow accordingly. 

There can be no doubt about the influence that cutting or burning the timber on 
the mountains has on the flow of our streams. They will on this account become 
more intermittent in their flow, which is a drawback to the irrigation interests of the 
State. The preservation of the mountain forests should be encouraged. 

To sum up simply, then ; the qaestions coucerned and issues involved 
in the reclamation of our arid West, may be stated in the following 
propositions : 

First^ The use of the rain-fall in what are properly known as rain 
belts, by the most effective methods of cultivation, and the selection of 
suitable plants, especially those with long tap roots. 

Second. The exhaustion of the supply furnished by rivers and creeks 
iu their passage through the drains, by means of irrigation works, such 
as are already in extensive use. Most of our streams can be used ui> to 
the full amount of their annual discharge. 

Third. The enlargement of the existing supply by the storage at 
higher elevations of water which passes away in spring floods. The 
building of numerous catch-basins throughout the plains to save the 
rainfall which is wasted, so far as the lands near by are concerned, will 
add greatly in the supply furnished by running streams. There are 
natural depressions everywhere which pan be utilized at very slight cost, 
and with entire immunity from risks of dangerous floods. Congress has 
already surveys to ascertain the most available sites and methods for 
accomplishing this plan. 

Fourth. The sinking of galleries or tunnels below the surface of 
streams, even when they are practically dry, and utilizing by canals 
the underground currents. Pure filtered water at Cheyenne, Wyo., for 
the supply of the city, without pumping or much expense, is so furnished 
from a small stream nearly dry in summer. The utilization of surface 
water does not exhaust the supply for irrigation. The application in- 
volves waste. The fugitive waters sinking into the ground pass into 
the depressions which make the water-ways, and gradually swell the 
scanty streams at lower levels, or course their way toward the sea 
through the sands below the river beds. Thus a part of the water of 
irrigation canals is gathered a second time to do the work of irrigation. 

Fifth. By the use of stationary pumps of suf&cient power, *in lifting 
such underground currents to the surface from bed-rock, for applica- 
tion to surrounding lands. 

Sixth. By artesian wells, which have hitherto proved too expensive 
for use in irrigation. 

To these six may be added the small storage or farm tank system, 
which can be effectually utilized on our plains region. 
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IRRIGATION CONSTRUCTION. 

ITS PLANS, PROJECTS, SYSTEMS, WORKS, FORMS. CONTRACTS, AND MAN- 
AGEMENT, PRESENT AND PROSPECTIVE. 



PART III. 

PROJECT FOR A DAM ON SALT RIVER, ARIZONA. 

Mr. Wni. M. Breckenridge, couuty surveyor of Maricopa, presented 
a plan to the Senate Committee. He said the location settled on is at 
the mouth of Tonto Creek, a little above the mouth of Mazatzan Caiioo. 
Mazatzal range cuts through the Ui)per Salt River. It makes a big 
caiion, with mountains on each side 1,500 feet high. The slope is one 
to one; that is, perpendicular for 100 feet. The water is thrown back 
eastward 16 miles on the Salt River, where it boxes again in the Sierra 
Ancha. For the first 2 miles from the mouth of Tonto Creek, point of 
construction already suggested, the average width is 2,640 feet, and the 
average depth would be 180 feet, calling the proposed dam 280 feet 
high. The next 2J miles opens out into a valley, the average width 
being 2 miles and depth 140 feet. The river then narrows up at Steam- 
boat Rock, 4 J miles above, so that it is only a quarter of a mile wide, 
with an average anticipated depth of 130 feet. Then above the Steam- 
boat Rock passage for the next lOJ miles the average width is 2 miles, 
and the average depth will be 70 feet. Tonto Creek, with a width of 
1^ miles, could be made to obtain an average depth of 80 feet. There is 
ample space at a box canon coming in from the south, where a waste- 
weir could be built, so that the river, when it arrived at a certain height, 
might run over that and not into the dam. By it, enough water can 
be stored to reclaim all the desert mesa land lying north of the Gila 
River between Phoenix and the Colorado River at Yuma. Sufficient 
quantities of water annually flow through the Salt River to fill this 
reservoir several times. It is our belief also that, by the selection of 
suitable reservoir sites along the Gila, water enough can be stored to 
reclaim all the lands south thereof in this county. The Agua Fria, 
where it enters the Salt River Valley, in the dryest season carries a 
stream of several thousand inches of water. If properly utilized there 
is sufficient in this river to. irrigate all the land, some 75,000 acres, lying 
between it anxl Cave Creek, and by a reservoir the land could be made 
available. 

THE PROPOSED PANTANO RESERVOIRS. 

Engineer F. W. Oury, of Tucson, Ariz., outlines an extensive project 
for dams, reservoir, and diverting, at a point on the Southern Pacific 
Railroad, a few miles from Tucson. He says : 

Location. — The sites for the proposed dams are located on the water-course com- 
moDly known as the Pautaiio Wash. Dam No. 1 is situated at the junction of the 
Cienega and Davidson's Canon^ about 23 miles southeast of the city of Tucson, where 
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utill stand the ruins of the Cienega station on the old overland stage route. About 
5 miles down the canon, where the Southern Pacific Railroad track leaves the edge 
of the wash to go onto the mesa, is the site for Dam No. 2. Dam No. 3 is still farther 
down, about 2 miles from the preceding one. 

Water supply. — Water runs throughout the year as far down as Dam No. 2, but in 
such small quantities as not to be a very important factor as a source of supply. 
Hence, it must depend on the freshets which come along this water-course, cauaed 
by the rain-fall over the country which it drains and which occur during the rainy 
seasons, summer and winter^ 

Drainage, — The Fantano Wash rises in a range of low mountains about 50 miles 
southeast of Tucson, known as the *<Canela8,''and runs, with innumerable bends ami 
crooks, in a northwesterly direction, until it empties, near Fort Lowell, into the 
Rillito Creek ; thence westerly until it reaches the Santa Cruz River. It thus drains 
a portion of all the mountains in eastern and southeastern Pima County, with tbe 
exception of the Patagonias. We shall refer, however, only to that portion of the 
water-shed, the water from which flows into the Pantano, Wash above the points 
selected as sites for dams. 

Beservoir «ite«.— In examining the San Pedro Valley there are but two points where 
reservoirs can be built to an aavantage : 

First. On the lower portion of the valley, at a point where the foot-hills come close 
together, with solid rock upon each side and bottom. This is known as the Nigger 
Ben place, and is about 15 miles below or north of the town of Benson, where a dam 
350 feet in length and 40 feet high will overflow an area of a mile square and aver- 
age 10 feet deep, or a storage capacity of 278,784,000 oabio feet. The area of bottom^ 
land and low table-land that could be irrigated by the constructioi^ of this dam 
would be in Cochise County over 3,000. 

The second reservoir site on the valley, 1| miles above Charleston, and 26 miles 
above Benson, where the foot-hills come down to the river forming solid rock banks 
for over a hundred feet high, where a dam 60 feet ia height and 400 feet long would, 
store over 300,000,000 cubic feet of water. 

There are several places along this valley where there are broad stretches of almost 
level bottom-lands where under-ground dams (that is, trenches at right angles to the 
valley out to bed-rock or clay and filled with concrete) eould be placed, that would 
raise the under-ground current to such a point that thoosaods of aeies ooulcLbe 
brought under cultivation without irrigation and save the expense of dttohe».aud 
the great loss by evaporation. 

A cursory glance at th^ eroded condition of the banks of the San Pedro will convince 
a person at once that vast bodies of water run down this caflon. Great dykes of hard 
rock have literally .been cut throaeh by the water, large cot ton- wood trees have been 
uprooted and carried down the stream, railroad ties, bridge timbers, iron bolts, and 
even steel rails are to be found miles away from where they were originally placed. 
So great was the damage done to the track of the Southern Pacific Railroad yearly 
that the company had, for the sake of economy, at great expense, to elevate its road 
beyond the reach of the waters firom this wash. At a point where the ca&on is over 
200 feet wide water marks from a recent freshet still remain which are.20 f«et above 
the lowest point of the channel. These are conclusive proofs of the fact that enor- 
mous quantities of waters flow to waste annually, whereas if it could be properly 
stored in a system of reservoirs it would be sufficient to irrigate thousands of acres 
of land which are now worthless, and which would forever remc^ so unless reolaim^ 
by the waters from this ca£Lon, because the topography of^ the country would not 
permit its being brought from any other stream or wash. 

Bams* — No, 1. — At tnis point a lar^e dyke of hard volcanic rock crops out on the left 
bank, ccmtinues on the surface until it reaches the bed of the cre^, then sinks be- 
neath the sandy bottom, to appear again on the right bank of the main chanikel. ^t 
the extreme right end of the dam is also to be found solid rock, so that this dam, if 
constructed, would have three natural and solid abutments upon which to re«t, 
namely, one on each end and one in the middle. Besides, tbe indications are snch 
that bed-rock can not b4 far distant from the surface of the sand. Therefore at 
this point a very strong dam could easily be built and, as we shall see afterwards, at 
a comparatively moderate cost. 

The total length of this dam is 1,052 feet, and its greatest height is 67.5 feet. lis 
heights at diiferent points are as follows : Commencing from theleft, the first 200 feet 
in length would average 20 feet, the following 50 feet would be about 45 feet high, 
the next 200 feet, being the main channel of the wash, would reach a height 0^67 
feet, while the remaining 600 feet would average no more than 35 feet. 

In addition to the main dam, a small one would have to be built. Its length ie 150 
feet, and its average height through that distance would be about 6 feet» 

Above the site of Dam No. 1, along the Cienega Cafioii and for a short distance ap 
Davidson's Caiilon, the waters have worn through the sediment which they had pre- 
viously deposited, which averages 150 feet in width aud 15 feet in depth. The fall of 
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the Cieaega Oafion in this locality is about 40 feet per mile ; tbat of Davidson's 
OaxLon about 50 feet per mile. The dam, then, being only about 34 ^eet above the 
bro;«d basin of^HM HHQBg, would back the water along the Ciene^a Cation lor about 
4,400 ieet, and up therH|Ud8on Cafion for about 3,700 feet. The basin of the former 
ca&on averages about 2,D0lffeet in width ; that of the latter about 800 feet. Hence, 
to speak generally, this dam would create two rectangular sheets of water, one 4,400 
by 2,000, and the other 3,700 by 800, or, more accurately, as found by survey, the 
water wduld cover in the Cienega an area of 9,160,073 square feet, or 210.3 acres to 
an average depth of 26.47 feet, taking into account the deep channel already spoken 
of. In the Pavidson Cafion a lake would be formed containing an are^a of 2,784,340 
square feet— 63.92 acres—having an average depth of 20.50 feet. 

Therefore the capacity of this reservoir would be equal to 299,580,795 cubic feet, or 
2,241,019,947 gallons; in other words, it would take a ditch with an average width of 
8 feet and au average depth of 2 feet, running at the average velocity of 35.6 feet per 
minute, 365 days to empty the contents of this reservoir, it having been once filled 
and no more water coming into it during the time that it is being emptied. Again, this 
amount of w^ater, if spread out over a level plain, would cover 82,529 acres, or 515 one 
quarter sections, 1 inch deep. It has b^en mentioned that the waters have deposited 
sediment in the basins of both the Cienega and Davidson's Canon; in H^the soil in 
these basins is nothing more than this sedimentary deposit. 

Dam No. 2. — This dam, too, would have solid abutments upon which to rest^ and 
although bed-rock is not seen upon the surface in the bed of the stream it is evident 
that it is only covered by the sand. The span, besides, being so short, this dam 
could be made not only the strongest, but the least expensive. It will be seen from 
the diagrams that its total length is 418 feet and its greatest height is 43.43 feet, and 
as the banks on both sides are so steep, the dam will average a height of 40 feet 
through its entire length. The fall of the wash at this point is something more than 
40 feet per mile; hence, the dam would back the water up stream not quite 1 mile. 
The basin also is comparatively narrow and therefore would not make a very large 
reservoir. According to surveys the water would cover an area of 2,923,658 square 
feet, or 67.12 acres, to an average depth of 22.37 feet. Therefore its capacity would 
be 65,391,298 cubic feet, or only about one-fourth as much water as that caught by 
Dam No. 1. This is a small quautity of water, but it will be seen hereafter how this 
dam is an indispensable accoiupaniment to the success of the large dam, No. 3. 

Dam No. 3.— The banks of the Pantano Wash after leaving the point for Dam No. 2 
are of a gravelly nature, more or less strongly cemented together. At places where 
the current of the main channel cuts into the sides a hard conglomerate, somewhat 
of the nature of ** caliche," is exposed. At no point, however, do we find croppings 
of solid rock. Dam No. 3 would not have the natural rock supports of dams Nos. 1 
and 2. It is doubtful, too, whether bed-rock would be reached in the construction 
of this dam ; hence we can anticipate a loss by seepage'iinderground. However, if a 
puddle wall of clay or some other good material were built through the sand until 
it reaehes the eonglomerate to which reference has been made, and which is quite 
impermeable to water, this loss could be, if not altogether stopped, at least very 
greatly diminished. The red sandy clay from which the Indians make their-** oUas " 
and which abounds in the mesas in the vicinity, would be a mosc excellent material 
with whreh to build such a puddle wall. 

The total length of this dam is 2,640 feet, or exactly one-half mile, and its greatest 
height is 73.96 feet. For 600 feet it would have an average height of about 50 fftet, 
and for the remaining distance its height would average nearly 70 feet. It would 
back the water up the cailon a distance of 7,500 feet, the average width of the basin 
being about 3,000 feet. As found by our surveys, this reservoir would extend over 
an area of 22,400,017 square feet, or 514.23 acres, having an average depth of 33.53 
feet; that is, it would contain 752,169,384.8 cubic feet of water. It will be noted 
that this amount is over twice as much as that which the other two reservoirs would 
hold. It would fake one year to discharge this amoant of water through a ditch 12 
feet wide by 4 feet deep and running at a velocity of 29.42 feet per minute ; or if 
this quantiiy of water were spread 6 inches deep over a level plain it would cover 
34,484.26 acres, or 53.88 square miles; that is to say, it would flood a strip of level 
laud 25 miles long by 2^ miles wide, 6 inches deep. 

IN YUMA COUNTY, ARIZONA. • 

The most available site for a dam 100 feet in height is at a point on the river about 
half a mile above the South Gila Canal Company's head-gate. Solid bluffs of dolo- 
mite (limestone) 111 to 125 fi»et ahove tho present water-level and distant 1,595 feet 
from each other are found at tliis poiur. The width of 1,595 feet given is the distance 
between the bluffs at the 100-foot flow line, or proposed top of dam. The storage 
capacil^ of the canon extending about 1^ miles up the river from the dam to Oatman 
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Flat is comparativ^ely small, for the average width on the 100-foot flow-line is hut 
one-half a mile, with steep hlaffs on either side. ^^^1*^^*^ 

Above this one-half mile point the bottoms widen orUi^irdn average width of Ij 
miles for 3 miles, forming what is called Oatman Flat, with an area of 4.7 square 
miles on the 100-foot contour. At the head of Oatman Flat the bottoms narrow to 
about three-quarters of a mile, and then widen out and form Cottonwood Flat, tbe 
main storage basin, with a length of 8 miles and a width of 4^ miles, with an area of 
35.2 square miles. About 2 miles above the head of Cottonwood Flat, at Rock Isl* 
ands, the bottom narrows to a width of about 2,000 feet, including an island 500 feet 
wide, and above this point they again widen to 3 miles. The length of this basin 
win be 8i miles, with an lurea of 8^ square miles. 

The depth of the water at the lower Rock Island will be 40 feet. The average fall 
in the river from this point to the dam, some 14 miles by the river channel, is 4.3 feet 
per mile. The river has a much greater grade above the Rock Islands. 

The distance from the islands to Gila Bend is about 20 miles. The total area of the 
three basins is as follows : 

^^^ Square milea. 

Oatmaiflnat 4.7 

Cottonwood Flat 35.2 

Gila Bend Flat 8.5 

Total flowage (with 100-foot dam) 4«.4 

As there will be considerable evaporation from a body of water in this hot summer 
climate, estimated at half an inch a day for six months, equal to 7^ feet, 1 assume 
the average available depth to be 35 feet, which with an area of 4»^.4 square miles 
will store 47,227,009,600 cubic feet. This will give a dailv supply for six months of 
262,372,200 cubic feet, equal to 151,835 miners' inches of the California standard. 

The proposed storage reservoir is situated on the Gila River abouflOO miles north- 
east of the town of Yuma and a few miles east of the boundary line of the county. 
At this point the river is subject to heavy floods that will insure the filling of the 
reservoir every winter and spring, the heavy flow lasting until the 1st of May. 

About the Ist of June the works would be called upon to make good the diminish- 
ing supply in the Gila. This draft would be at its maximum in July and August. 
The evaporation in this climate is very great, but the engineer has allowed amply for 
the losses thereby incurred. The depth of evaporation in inches averaged for every 
month in the year, as shown by the Signal Service records at Yuma, is as follows : 



Inches. 

Jannary 4.4 

February 5.2 

March 6.6 

April 9.6 

May 9.6 

June 12.6 

Jnly 11.0 

The rain-fall is practically insignificant. The monthly fall in inches, averaged for 
eleven years, is given herewith : 



Inolies. 

August 10.2 

September 8.2 

October 8.2 

November 5.5 

December 4.6 

Total 95.7 



Inchec. 

August 0.496 

September 0.060 

October 0.124 

November 0.180 

December.... .... ...... ...... .--- 0.403 

Total 2.752 



Inches. 

January 0.403 

February 0.532 

March 0.217 

April 0.120 

May 0.062 

June Inappreciable 

July 0.155 

The drainage basin supplying the river is known to be enormous and its service con- 
stant during certain months. At the lowest rate of calculation in use in Califomia— 
1 inch to 4 acres — the amount of water stored would suffice to irrigate over 600,000 
aeres. Rock suitable for the construction of a masonry dam is found in unlimited 
qvantities adjacent to the proposed site. Elsewhere we have endeavored to show 
that large and constant water supplies are imperatively needed. While it is trne 
that the several canals along the Gila cover considerable areas, it is also true that the 
Oatman Cafion reservoir will bring very much larger tracts under control, and, there- 
fore, au increased population, much larger property valuation, vastly augmented i^- 
ricultural output, and consequently greater prosperity. With storage works of tne 
described capacity a permanent summer supply of water could be relied upon to thor- 
oughly irrigate most of the accessible arable land in southern Yuma County lying be- 
low the reservoir, and thus remove the present cause of non -development of this fertile 
aectiou. It hfts been explained that about 25 per cent, of the vaUey Im^ iA oy^rflowoa 
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by the river during certain regular periods. The establisnment of such works would 
also reclaim the bottoms by storing the surplus water that would otherwise, at such 
seasons, flood the surface, and do great injury. 

Conclusion. — With this report a topographical map, drawn by Mr. Lewis A. 
Hicks, C. E., is submitted, showing'the entire lower Gila Valley from Oatman Ca&on 
westward to the Colorado River, and also all the lands between the Gila River and 
the Sonora frontier. Two lines are drawn, the first indicating the extent of the area 
that would be capable of producing at least one crop of cereals or forage each 'year, 
supposing the dam to contain 25 feet of water. This second line shows the limit of 
tbe fruit i>elt, but the area between these two lines will be valuable for the raising 
of all tbrage plants, sugur-beets, etc. Below their junction all the land shown will 
be available. The varied topographical features are faithfully and intelligently de- 
lineated and will greatly assist in a correct understanding of the subject treated in 
these pages. 

The vast importance of the inquiries set in motion by the Senatorial committee, 
and their direct bearing \ipon our own surroundings, are fully understood by the peo- 
ple of Ynma County, who highly appreciate the opportunity of placing before their 
distinguished visitors such data cnocerniug the quantity and quality of the lands, 
the necessity and future possibilities of irrigation, the number and extent of canals, 
the risers and water supply, the climate and its influence upon the early maturity of 
crops, the products, the transportation facilities, and finally, the need of water- 
storage reservoirs and selection of appropriate sites as, it is hoped, may meet their 
purposes. If this has been accomplished, the citizens' executive committee will con- 
sider tbeir duty as satisfactorily piTformed. 

That the western portion of valley or bottom lands of the Colorado 
Eiver, properly irrigated, can be made one of the finest farming sections 
of the United States is no loDger a question among those who have in- 
vestigated the subject. 

In the Annual Keport of Indian Affairs in Arizona, 1867, 1 find the 
following : 

The experiences of this season have proved beyond doubt, were evidence on the 
subject still wanting, the thorough capability of thelauds^of the Colorado River Val- 
ley for all the purposes of agriculture in every case where water can be made to reach 
the surface. To depend upon tbe annual overflow is somewhat hazardous, for lands 
reached by it one year may not be again for several, or they may be so deeply sub- 
merged as to be unavailable for planting during the season. There are thousands of 
acres in the reservation which the overflow trom the river never reaches, but which 
the artificial application of water would reuder a^ productive as any of the lands 
that are naturally overflowed. 

All experience from that time up to the present proves the correct- 
ness of the ideas of that paragraph. 

THE SWEETWATER DAM, SAN DIEGO COUNTY, OAL.* 

By James D. Schuyler, M. Am. Soc. C. E. 

The question of an adequate water supply for irrigation as well as for the domestic 
use of cities and towns is one which in San Diego County, Cal., necessarily involves 
storage reservoirs. The streams of the county are of an intermittent character. The 
mountain ranges in which they head and from which they flow to the coast do not 
generallj' exceed 6,000 to 6,500 feet in elevation — an altitude too low in the latitude 
of San Diego to maintain perpetual snow upon their summits, or even to retain such 
proportion of the water precipitation as comes in the form of snow (not usually more 
than 10 per cent. ) for more than a few days or weeks. As a result the streams are 
torrential in winter and carry large volumes of water, hut in summer and fall, when 
most needed for irrigation, are almost dry for 20 to 30 miles of their lower course, with 
the exception of certain seasons of such unusual rain-fall that no irrigation is re- 
quired — seas^^ns that come at rare intervals. Ordinarily the streams in summer reverse 
the usual order of nature, and are largest at the small end, and to get a water supply 
the engineer must either go far hack into the mountains and gather together a num- 
her of small living streams and springs and pipe them out long distances, or con- 
struct dam and storage reservoirs to retain the winter floods. Fortunately nature has 

•Summarized from ** Transactioos of th^ Americ^u SQciety of Civil Service Engi- 
neers,'' N9y$>mber; 1888. 
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compensated for tbe existing oouditions by providing nnmerous favorable sites for snob 
construction, and every stream of importance in the county has available sites for 
storage dams of large capacity. A number of water companies are engaged in pre- 
paring for extensive works of this character, which, when completed, will provide 
irrigation facilities for several hundred thousand acres of land otherwise unproduc- 
tive. 

This era of development was inaugurated but recently', and the first completed 
work of the character is the Sweetwater Dam and Reservoir and extensive pipe sys- 
tem reaching out from it. 

The circumstances which led to the building of the dam were that the San Diego 
Land and Town Company (a 'first cousin of the Atchison, Topeka and Santa ¥^ Rail- 
way) owned a large body of fertile and desirable mesa and valley lands bordering on 
San Diego Bay, adjacent to San Diego on the south, which were unsalable without 
wat>er to irrigate them. These lands constitute the greate/ part of the *^ Rancho de 
la Naoion,^' including the town site of National City, which also languished with 
thirst. The Sweetwater River passes nearly through the center of the lands, and is 
of the nature described — intermittent in flow, at least for many miles above its 
mouth. 

The first storm or two of the rainy season is absorbed by the thirsty earth, and the 
stream generally does not begin flowing into the bay until late in Deceni|)er or in 
January. After each heavy storm thereafter its volume will reach 500 to 1,000 cable 
feet per second for a few days, and within a fortnight recede to 10 cubic feet per 
second. 

The last severe storms of the rainy season are usually in March, and the flow of 
the stream will generally dwindle to 1 or 2 cubic feet per second by June 1, which 
amount may be maintained through the remainder of the year, but not always. The 
large supply running to waste each year, followed by months of scarcity, naturally 
suggested storage, and the first callon above the month of the stream was selected as 
the place to accomplish the object. This narrow gorge, 7 miles east of the bay, is a 
deep and narrow cut, half a mile in length, through a dike of trap rock or trachyte 
tbat intersected the valley of the Sweetwater, leaving above it a broad level valley 
some 3 miles long, one-quarter to three-quarters of a mile in width. This is the site 
of tbe reservoir u>rmed by the dam built at the head of the gorge. 

Tbe construction of this dam was decided npon and work begun in November, 1886. 
The original plan designed was a narrow wall of concrete masonry, 50 feet hiffh, 10 
feet wide at bottom, 3 feet on top, arched up-stream. On the upper side an emnank- 
ment of loose earth was to be filled in against tbe masonry wall to its full height. 
After two months' work had developed the character of the design, the plan was dis- 
approved by the management, and the writer was called upon to design a suitable 
structure and execute its construction. Some $35,000 had already been expended, 
and in order to utilize as much of the old work as possible the new structure was 
planned to rest upon and incase the foundations already laid. This decision influ- 
enced to some extent the radius of the arch of th^ new dam, as well as its position 
relative to the axis of the canon, and the location of the anchorage on the sides. In 
other words, to avoid throwing away the work already done, the new work was 
adapted to the old in a way that nltimately increase<l the length of the dam on the 
crest somewhat more than would have been necessary by shifting the point of radius 
to one side of the central axis of the caflon, and making the radius somewhat shorter 
than it otherwise would have been. An engineer is sometimes driven to adaptations 
of this sort against his judgment, to save, or to give the appearance of saving, the 
pockets of his employers. 

Tbe modifications of the original plan were radical ones. The combination of «arth 
and masonry was rejected, as it seemed to tbe writer that water alone was sufficiently 
heavy for the masonry wall to support without adding the last straw on the camel's 
back, of a mass of saturated earth. A gravity profile was adopted, and rubble 
masonry formed of blocks of stone up to 4 tons weight was substituted for bastard 
concrete composed of cement mortar, with small stones rammed into it, which had 
been previously used. So much of the old plan was retained, however, as to form an 
embankment 50 feet wide on top, 10 to 15 feet high across the canon, against the face 
of the wall, but clay well rammed in layers was substituted for the silt and quick- 
sand loosely dumped, with which the dam was formerly being made. The object of 
this clay filling was to cut off possible seams in the bed rock nndemeatb the dam 
and reduce the pressure on the structure. The top of the embankment is 70 feet 
below the top of the dam. 

The foundation,— After the bowlders, sand, and gravel had been stripped from the 
base of the dam on either side of the old work, the bed-rock wavS found to be very 
irregular iu surface, presenting the api>earauce of a number of pyramids and cones 
thrown heterogeneonsly together, but bound solidly in one mass and well polished 
by attrition. The rock was very close in texture and exceedingly hard. No attempt 
was made to cutout the bed in the level benches, as the unevenness of the bot4K>m9 as 



CONSTRUCTION DETAILS OF THE GREAT DAM. 117 

nature left it, gave the assnrance that whatever movement might occur in the struct- 
ure built on such a base there could be no possibility of its slipping or sliding on the 
base. Wherever there were seams in the rock they were invariably occupied by roots, 
and the excavation was carried down till the seams pinched out and the roots disap- 
peared. The rock was then thoroughly scrubbed by hand, aud a thin grout of pure 
cemeut applied with brooms, tilling the minutest crevices and angles in the rock, be- 
fore starting the masonry. 

The side walls of the canon required more excavation to reach a satisfactory anchm*- 
age than the bottom. The nortu side was composed of shattered rock scored with 
innumerable seams tilled with red clay. In this material the excavation was carried 
to a depth (perpendicular to the slope) of 20 to 25 feet before a solid ledge free from 
seams was encountered. This ledge lay with a slope nearly parallel with the surface 
slope, and in direction so nearly parallel to the radial line of the curve of the dam 
that it could not have been better placed to receive the arch thrust and formed a 
natural skew-back. This was carefully stripped and treated with cement grout in the 
same manner as the base. 

The abutment on the south side was against the end of a dike of trap-rock, cross- 
ing over the hills to the south in a direction nearly parallel to a line passing through 
the center of radius and dipping westward at an angle of about 10 degrees from the 
vertical. After cutting into the face of this rock 5 to 10 feet all seamy, loose mate- 
rial was stripped away, and a bedding that was deemed sufficiently good was ob- 
tained, although the rock was not as free from seams nor as solid in mass as the north 
abutment. However, the entire foundation is an admirable one, of rock in place 
throughout. 

The plan. — The original height of 50 feet was arbitrarily adopted at the beginning 
of the work, without any special investigation of the quantity of water to be stored 
by a dam of that height, but was "guessed" to be sufficient for present necessities, 
and the estimat.e of its cost was considered to be about the limit of the expenditure 
the company cared to make on an experimental scheme. There was an immediate 
and pressing need for water, the rainy season was passing, and it was desired to get 
up a part of the structure as rapidly as possible in order to catch a partial supply for 
the coming summer. Accordingly, in compliance with this desire, the foundation 
was rapidly laid and the structure hurriedly carried up to a point where it was safe 
t^ begin catchment. The base of the dam was laid with a width of 36 feet, and at a 
height of about 15 feet above the lowest course it was drawn in to a thickness of 
24 feet. At this level (whose elevation above tide is 140 feet) the lowest pipes pass 
through the dam. Above this level the structure was carried to a height of 45 foet, 
with a top width of 5 feet, base as stated of 24 f^-et, face batter (up-stream) of 1 to H. 
In anticipation of a probable adtUtiou to the height of the dam in future, the back 
was built in three steps, to give an opportunity of bonding the new work to the old. 
The profile of this portion of the structure is shown in Plate XXX. It was a gravity 
profile, whose line of pressure passed within the inner third of. the base. It was con- 
structed in arch form, convex te the stream, on a radius of 225 feet on the face line 
at top. 

During construction the stream was carried in a conduit 30 inches square through 
the masonry near the bottom of the original creek bed. But one storm of the season 
of 1886-'d7 (a dry one) swelled the creek sufficiently to exceed the capacity of this 
conduit, and then it rose and ran over the top of the masonry for two days only, with- 
out injury. This occurred February 14 and 15, 1887, when the flow reached a maxi- 
mum of about 500 cubic feet per second. The gate at the upper end of the conduit 
was finally closed April 20, 1887, and the conduit was filled solid with masonry from 
below. From that time until June 1, the catchment was ai>out 80,000,000 gallons. 

By the 1st of June the structure, as planned, was completed to the height of 60 feet 
above the bottom, 10 feet higher than the height originally contemplated. It con- 
tained about 7,500 cubic yards of masonry and had cost, all told (including the pre- 
liminary experiments), about $100,000. Meantime, surveys of the reservoir basin and 
water-shed had developed the fact that the 60-foot dam would impound 1,221,000,000 
gallons, whereas its extension to 90 feet in height would give a capacity of nearly 
hve times that quantity, or 5,882,000,000 gallons. Also that the area of the water- 
shed tributary to the dam is about 186 square miles, of which one-third is above an 
elevation of 3,000 feet, and between that elevation and 6,500 feet. The water-shed 
was evidently ample to justify the hope that the greater reservoir would be filled 
almost every year of ordinary rain-fall. The increased volume of water stored would 
so largely extend the utility of the works, and give so considerable increase in secur- 
ity against the disasters following a severe drought, that the increased expense of ex- 
tending the height oft the dam while the working force and plant were on the ground 
and fully organized, seemed to be immediately justifiable. These arguments were 
embodied in a report, which was favorably considered by the directors of the com- 
pany, and orders were given, about a fortnight before the 60-foot d^m was com- 
pleted, to extend the structure to a height of 90 feet. igitized by GoOqIc 
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This somewhat extended acconnt of the growth of the enterprise from small befifin- 
nings is necessary to an understanding of the canses that led to the building of the 
structure in two sections rather than as a mass. The fact is that the work was nearly 
half done before all the conditions were thoroughly understood — conditions which 
ordinarily in works of snch magnitude and importance are known, studied, and e^- 
haustively discussed preliminary to the beginumg of any work whatever. 

In designing the plan of the higher structure, greater reliance was placed upon the 
arched form than in the lower dam, then approaching completion. The profile 
adopted was one which theoretically gave stability by its own gravity, but without 
as large a factor of safety. The line of pressure fallH about the center of the lower 
third. It was reasoued that, as the foundation was as near perfection as can be gen- 
erally found, apprehension on that score was unnecessary— and the source of the 
failure of such of the great masonry dams of the world as have given way — insecure 
foundation — need not be regarded as a factor in this case. If one can imagine a 
monolith to be carved in the form of a true arch, of such weight and dimension that 
any section of it is capable of withstanding the pre^ssure of quiet water against it to 
its full height, without sliding or overturning, and such a monolith be firmly wedged 
between the rock-bound walls of a narrow canon, the possibility of its being ruptured, 
displaced, or destroyed from water pressure alone can not readily be conceived. Now, 
if by the use of rich cement mortar and the best of building stone a structure be 
formed of the same dimensions and in the same position, which in time becomes vir- 
tually a monolith, based on the firmest of bed-rock, its stability must be equally 
assuring to the mind. 

The dimensions adopted were the following : Base, 46 feet ; top thickness, 12 feet ; 
height, 90 feet ; radius of arch, 222 feet on line of face at top. The face batter of 1 
to 6 was carried to within 6 feet of the top ; thence to the top of the parapet wall, 
vertical. The batter on the back started at the top with 1 to 3 for 28 feet ; thence 1 
to 4 for 32 feet ; thence 1 to 6 to the coping. 

The construction, — When the new work was begun at the base of the completed 
structure, special care was taken to secure a perfect footing for the toe. When the 
foundation was stripped it was found that there was a slight leakage at various 
points along the bottom of the masonry, amounting altogether to about 10,000 gal- 
lons daily. The only perceptible leakage through the masonry was along the sides 
of the waste conduit, which had been recently hlled in, although there were moist 
spots all along near the bottom. 

All the leakage was entirely cut oflF by the new work, although it was necessary 
to carry up small well-holes alongside the old masonry to within about 15 feet of the 
level of the water surface in the reservoir, and keep them pumped out, before it was 
safe to close them entirelv. Water was standing in the reservoir at a height of about 
35 feet above the base of the dam, and the small quantity of leakage, and the ease with 
which it was stopped, was considered a favorable test of the superior quality of the 
masonry. 

The stone used was of two grades, a dark blue and a gray metamorphic rock, im- 
pregnated with iron. The gray stone is full of minute quartz crystals, and is of 
slightly less specific gravity thau the blue stone, which carries more iron. It was 
obtained from a quarry opened in the face of a vertical cliff over 100 feet high, situ- 
ated 800 feet below the dam. It has no well-defined cleavage, and broke out in 
irregular masses, although generally having one or more tolerably smooth faces. 
Numerous tests of its specific gravity gave its weight as 175 to 200 pounds per cubic 
foot. The average weight of the masonry in place was estimated at 164 pounds per 
cubic foot, which was the value used in the calculation of stability and strains. 

Portland cement of the best obtainable quality was used in the proportion of one 
part of cement to three parts of sharp river sand. For the upper 4 feet next to the 
water a richer mixture of one to two was used. The sand was clean, sharp, and of 
the most suitable degree of coarseness to make the best of mortar. 

The cost of the flowage tract for the reservoir is not included in the above. A little 
over one-half the land cost $16,426.93. The remainder is in litigation under an 
action of condemnation. A San Diego jury, under the stimulus of '*hoom" prices, 
awarded the owner $280 an acre, or a little over $100,000 for land, one-third of which 
was worthless, and the remainder unimproved. This judgment is being contested be- 
fore the Supreme Court. The clearing and grubbing of about 300 acres of the reser- 
voir basin cost $10,808.46. 

Thewasteway. — This important adjunct to the dam was carefully considered and 
proportioned to carry the probable maximum flow of the stream that may be pre- 
sented for discharge, with a full reservoir. It is located at the south end of the 
structure, and is 40 feet in length by 5 feet in depth, divided into eight bays of 5 feet 
each. These bays are formed by piers of masonry, set at right angles to the flow, and 
provided with recesses on the upper face, iu which loose flash-boards of 2-inoh plank 
rest on an incline of 35 degrees from the vertical. Any set of boards may be removed 
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from top to bottom, or tlie water may be held at sncoessiYe levels from the top to the 
bottom of the weir by removing the top boards all the way across. The water falling 
over the wier drops into a series of pools, 3 feet deep, which relieve the structure of 
shook, and passes down an Inclined plane with a fall of 1 to 10, until it is carried 
away from the dam a distance ofBO feet, and then plunges into the cailon below. The 
capacity of the wasteway is about 1,500 cubic feet per second. This may be increased 
to about 1,800 cubic feet per second by opening a 30-inch blow-off gate in the main 
pipe below the dam. 

The inlet tower, — ^This structure is located 50 feet above the dam, nearly opposite its 
center. It is built of masonry^ with cement morter mixed two to one, plastered out- 
side and in with two coats of mortar mixed with one of sand to one of cement. It is 
16 feet square at the base for a height of 10 feet, where its form is changed to a hexa- 
gon, with walls of a uniform thickness of 3 feet to the top. Each of the sides of the 
hexagon measure 3 feet on the interior face. Into the walls of the tower are built 
seven cast-iron elbows, at an elevation of 10 feet apart from bottom to top, the upper 
one being 10 feet below high- water line. The bell-mouths of the elbows open up- 
ward, and are ordinarily closed with a plain valve or cover of iron. The design is to 
draw water from the surface at whatever stage it may be. When any one cover is 
removed, a basket screen is lowered in its place, fitting closely into the mouth of the 
elbow. Three pipes pass through the dam and enter the tower at the bottom. The 
two lowest pipes are of cast-iron^ 14 and 18 inches in diameter respectively, and lie 
side by side. They are encased m concrete throughout, from the tower to the dam. 
On top of them is built a conduit of masonry with a circular orifice 40 inches in diam- 
eter, formed of walls 30 inches in diameter, in double arches. This conduit leads from 
the interior of the tower tp the center of the dam, where it ^oins a pipe of ^inch 
boiler-iron, 36 inches in diameter, leading to the main gate immediately below the 
dam, and from this gate is carried the mam pipe line down the valley. The smaller 
pipes are not at present used, except to supply a hydraulic ram throwing Vater to the 
keeper's house on the hill, 150 feet above, and to drain the tower when all the valves 
are shut. They are intended to be used for supplying a turbine and pump to throw 
water to a higher level than the dam will now reach. 

As an illustration of the fact that masonry laid in Portland cement in tlie propor- 
tion of two of sand to one of cement may be made water-tight with care exercised in 
laying, this tower, and the conduit leading from it, may be cited. When they are 
empty the pressure from the outside at present is somewhat more than 20 pounds per 
square inch on the conduit and at the bottom of the tower, and there is no leakage 
in either of them. 

The reservoir. — Red clay soil constitutes the bed of the reservoir basin, or the major 
portion, outside of the old river-bed and bottoms, and is of an impervious nature. 
The following table of area and contents of reservoir is presented : 



Contour elevation. 


Area. 


Contents. 


Contour elevation. 


Area. 


Contents. 


Feet. 

145 (level of lowest outlet 


Acres. 

3.51 
10.72 
17.12 
43.10 
75.21 
113.40 
153.76 


OaMont. 


Feet 

180 


Acres. 
200.77 
272.22 
326.96 
397.85 
463.80 
538.94 
630.94 
721.86 


OdUons. 

835, 851, 000 
1, 221, 365, 000 
1,710,583,000 
2,302,261,000 
3, 005, 642, 000 
3,824,197,000 
4, 778, 649. 000 
5,882,278,000 


valve in tower) 


186 


150 


11, 640, 000 
30, 577, 000 
79,631,000 
175, 819, 000 
329, 546, 000 
547, 060, 000 


190 


155 


195 


160 


200 .... 


165 


205 


170 


210 


175 


215 . . 







The table shows that 80 per cent, of the capacity of the reservoir is within the up- 
per 30 feet of height, and that 40 per cent, is within the last 10 feet. This fact re- 
duces within small limits the fluctuation of head on the mains after the reservoir is 
once filled, and constitutes one of the reasons for increasing the height of the struct- 
ure, as it enables the establishment of the probable limit of irrigation on the lands 
below, at a line not lower than 25 to 35 feet from the top of the dam. The irrigable 
area was thus largely increased, by reason of the decrease in flactuation of depth in 
the reservoir. 

* » * * # ♦ « 

The diatrihuting system.— -From the dam to the lower end of the cafion, 1,600 feet, 
I i t-.^ i_ o/? i_ _!._..._ J. ^. n , .., jmortar, 

^ and fol- 

-- — J top of the Chula Vista mesa, 92 

feet above sea-level. Its entire length is 29,800 feet, and at its terminus the water 
is divided into two 24-inch pipes, one running south 1 mile, the other west half a mile, 
where it is reduced to 18 inches diameter, and is carried northward to and through 
National City. q qq [^ 
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At tbe termians of the 36-iDcli main a blow-off gate is located, to be used as a re- 
lief to the wasteway of the dam in case of a sadden flood which might exceed the 
capacity of tbo waste way, or to draw off the water from the reservoir if, for any 
cause, it was desired to do so. 

Wrought-iroo pipes were used throngbout. The total length of mains and laterals 
that have been laid is 58 miles, with 5^ miles on hand to be laid this season. They 
are of three classes, viz, straijL^ht double rivet-ed pipe; converse lock joint, kala- 
mined lap-welded tube; and spiral riveted pipe. Abont 16 per cent, of the pipe was 
of tbe flrot-class, 72 per cent, of tbe second, and 12 per cent, of tbe third. 

Tbe introduction of spiral pipe into tbe syHtem was nnforfcnnate, as it does not 
stand tbe test of trunsportation across tbe contineut, and will have to be taken up 
and specially treated to make it water tight. It will answer very well for snbirri- 
gation, if it could be properly controlled, but as it is laid in streets and avenaes that 
systeni is not desirable or conducive to comfort in traveling. 

The total cost of the pipe liues was as follows: 

Pipe $301,928.80 

Freight 39,183.03 

Distribution 6,271.06 

GateH 1,849.62 

Materials, tools, etc 5,932.57 

Right of way and miscellaneons expenses 2,968.00 

Pipe laying 144,630.78 

Total 502,763.86 

Probable duty of the tvorks, — One of the most interesting questions to the stock- 
holders of tbe company is the result that may be reasonably expected in the way of 
irrigation from such a reservoir. The assumption is made that in average years, say 
thr«e out of five, the water-shed will yield a sufficient supply to fill tne reservoir, 
besides maintaining tbe consumption through the rainy season, thus starting on the 
irrigation season about May 1 with a full reservoir. From May I to October 1 
is the average season of irrigation— about 150 days. Where pipe distribution is in 
use, a fair average allowance in southern California is a duty of 10 acres per miner's 
inch (5110 acres per cubic foot per second). There are instances of a mnch higher 
duty having been attained — a duty of even 40 acres per miner's inch having been ac- 
complislied in one place. AUoting 700,000,000 gallons for tbe annnal consumption ;of 
National City, and for loss by evaporation during the summer months, the remainder 
would yield a How of 2,000 miner's inches per day for 200 days; with a duty of 10 
acres per inch, this amount would irrigate 20,000 acres. In the course of time it is 
expected that a duty as high as 20 acres per inch will be reached, in which event a 
reservoir full may bo extended over two years' time, and still irrigate 20,000 acres, 
and afford a domestic supply to the town of National City. 

Water rights, 'giving to tbe purchaser simply the privilege of becoming a customer 
for water, have been sold on the San Diego Flume Company flume at the rate of 
^,000 per miner's inch. At this rate tbe value of the irrigation supply of the reser- 
voir is $4,000,000. Tbe construction of the works has already added a value of 
$1,500,000 to the principal tract of 5,000 acres which has been supplied with a com- 
plete system of water-pipes, and another million to the valne of town property in 
National City, and lands in its immediate vicinity. 

A BOLD PROJECT. 

It is proposed to permanently lower Tulare Lake to 15 feet below tke 
present level, which will reclaiofi 376,000 acres, including swamp land, 
all now under water or subject to frequent overflow. This is to beeffected 
by a canal of 12 feet average depth, which is to extend from Tulare 
Lake to a junction with the San Joaquin River at the head of naviga- 
tion, distance about 40 miles north from the lake. The line of the canal 
will be through the present swamp which extends north from the lake. 
Tlie level of the river at the junction is 48 feet below the level of the 
lake, and thus affords a sufficient fall for the discharge of the surplus 
water of the lake proposed to be drained. An additional outlet is also 
afforded by a projected west side irrigation scheme, which is to take 
water from the canal for the irrigation of over 400,000 acres of valley- 
lands, the proposed canal forming, with Tulare Lake, a continuous in- 
land water-way of over 70 miles. It is expected by its affluent discharge 
of water into the Upper San Joaquin Eiver to so improve navigation 
as to utilize it for heavy freight. 
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VALUE OF THE FIPE SYSTEM. 

iCivil Engineer F. Eaton, of Los Angeles, makes the following state- 
ment relative to pipe service : 

The daty of our streams would be extended by extending the present ditches by 
pipe systems. Experience has taught us that by economizing the water it is not only 
the water that we save in seepage alone, but the distribution. The convenience tliat 
these pipe systems offer in the distribution of water is a great economizer. We find ' 
that we can get along with a half or thir^ the water that we get in running it around 
in ditches. It was thought that the San Gabriel was being used up by irrigating 
2,000 acres; but it has been used since for irrigating 12,0Qp acres; and it can be in- 
ci'eased by the pipe system. The duty of one-hftieth of a cubic foot per second 
throughout the valley under the pipe system would be 1 inch to 10 acres; that is, for 
vegetables and all Itinds of crops. It depends altogether on the character of the soil. 
A soil that is well subdrained, that is composed of gravel, will require much less 
water. Such subsoil is a natural drain, and for that reason water will go a great deal 
farther on that kind of land than it will on an impervious subsoil. Taking the aver- 
age iu the San Gabriel Valley, with 10 inches you can irrigate all kinds of crops, orange 
trees, and all kinds of vegetables. The cost runs from $15 to $50 per acre. The 
cement pipes are not cheaper than the pressure pipes, because it requires a good many 
more of them, and they are not so convenient as the pressure pipes. We generally 
use 16 iron. It is practically the sixteenth of an inch thick. A 4-inch pipe is more 
difficult to make than a 16-inch. We put asphaltum on, but it is impossible to keep 
it from being knocked off in spots, and those spots rust there. We can not inspect 
them closely enough to get at them all and paint them over. In ordinary soil, where 
there is no alkali, it will wear fifteeu or sixteen years. I put in pipes fifteen years 
ago that are doing service now. The Pasadena pipes were 11 inches with 18 iron. 
Thatsystem was pot in in 1873, and served up to this year. We have not many stor- 
age facilities up in the mountains. They are confined practically to the foot-hills 
and the valleys. We have to brin§ our water down and make our reservoirs in the 
valley. In Bear \ alley the reservoir will contain 60,000,000,000 cubic feet when it is 
fully developed, and I am tol4 there are a number of similar ones up there; but the 
ca^o^fFare too precipitious. 

• KERN COUNTY, CALIFORNIA, AND ITS IRRIGATION WORKS. 

The average discharge of Kern River is 2,700 cnbic feet per second. 
The maximnm discharge during the rainy season and during the ineit- 
ing of the mountain snow is 19,041 cubic feet per seeoiid. There are 
eight months of the maximum flow or high water, from December to 
July, inclusive. The actual discharge of Kerii liiver the last of May, 
1883, by calculations made, was found to be equal to a depth of IJ 
inches per month from the whole area or catchment of 3,445 sqnare 
mil^. This gives a depth of 3 inches per month tor irrigation over 
1,200 square miles, or 768,000 acres. The discharge is doubtless much 
larger from the middle of February to April, when water is most needed 
for irrigation. By close calculation it is found that 1 cubic foot per 
second will irrigate 160 acres. 

In this valley, and mainly on Kern Island, are more than thirty 
canals, some of them with branches and all with distributing ditches, 
and several with many, the main canals aggregating some 300 miles 
m length and covering nearly 476,000 acres, which can be irri- 
gated. About 150,000 acres are now irrigated. On these irrigated 
lands, with good care, alfalfa gives four and five crops a year, yielding 
at least 2 tons to the acre each crop, making an annual yield of 8 to 10 
Ummt to the acre besides affording some pasture. As a rule it is cut 
every six weeks for eight months in the year. Several years ago, when 
this irrigating system was first inaugurated, it cost 50 cents per acre to 
irrigate land. Science and art, with much study and labor, have so far 
perfected this system of irrigation that now the cost varies from 2 to 10 
cents per acre, as a rule averaging ft*om 2 cents or 3 cents^to 5 cents 
under favorable conditions. digitized by v^OC 
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The canal of the Kern Eiyer Water and Irrigating Company, known 
as the Beardsley Canal, the highest on the river, being the most north- 
easterly of this great system, is taken from the northerly bank in th^ 
southeast quarter of section 3, T. 29 S., R. 28 B. It is 8 miles in lengtlr 
15 feet wide on the bottom, and 2^ feet deep. It has 10 miles of dis- 
tributing ditches. It appropriates 47,030 miner's inches under a 4:-inch 
pressure, equivalent to 938 cubic feet per second. This location was 
m ade December 2, 1873. 

The McCord Canal is taken from the northerly bank of the river in 
the northeast quarter of section 18, T. 29 S., R. 28 B. The main canal 
is 4^ miles long, with three branches, having a total length of 10 miles 
and 15 miles of distributing ditches. The main canal is 20 feet wide 
on the bottom and 2 and 3 feet deep. This, with the Beardsley, is the 
means of supply for that portion of the district above the Calloway 
Canal. It appropriates 5,000 inches, equivalent to 100 cubic feet per 
second. This location was made March 20, 1875. 

The Calloway Canal belongs to the Kern River Land and Canal 
Company, and is the largest and most important in the system. It 
comes out of the northerly bank of the river a short distance above the 
Southern Pacific Railroad Company's bridge, in the southeast quarter, 
section 13, T. 29 S., R. 27 B. It is 32 miles long, 80 feet wide on the 
bottom, and 120 on the surface, with banks 7 feet high and 10 to 16 
feet wide on top, with inside slope of 4 to 1, and outside 2 to 1. On 
the west bank there is a delightful driveway the full length. It has 
a depth of about 6 feet. The grade is eight-tenths of a foot per mile. 
In 30 miles it crosses Poso Creek by means of a weir 150 feet in length, 
built in the bed of the creek, and connecting at either end with the 
lower bank of the canal. This arrangement admits of the use oiitiie 
winter waters of Poso Creek by diverting them into the canal. It has 
some sixty-five distributing ditches, from 8 to 20 feet wide on the bottom, 
averaging J 6 feet, and from 1 to 9 miles long, the aggregate length being 
about 150 miles. These branches have banks 3^ feet high, intended for 
3 feet of water, with slopes 3 to 1, and a grade of l^^ feet per mile, 
giving to each a capacity of 196^ cubic feet per second. The impor- 
tance of this canal is seen when we state that it covers about 200,000 
acres of land. The head-gate at the point of diversion from the river 
is 100 feet long, built of redwood lumber, 6 by 6 struts, 4 by 6 side 
posts, and 2-inch flooring. The foundation is 20 feet wide up and down 
the stream, and has three rows of sheet piling, 4 by 8 Oregon pine, 
driven to a depth of from 12 to 16 feet, with intermediate or anchor 
piles of the same dimensions and material to which the sills, 4 by 8, 
redwood are spiked. There are 25 bays, and the gate-boards are 2 by 
6 redwood. The top of the gate is 8 feet from the floor. The gate 
extends from the right bank out intx) the stream, and is connected witii 
the weir by an artificial abutment. The weir extends from this abut- 
ment southerly across the river, and is 400 feet long, being of similar 
construction to the head-gate, the only difference being that the gate- 
boards are twice as long, reaching across the bays. By means of the 
gate-boards, which are movable, the water is under complete control, 
and can be regulated at will. The Calloway appropriates 74,000 inches 
of water, equivalent to 1,476 cubic feet per second. The location was 
made May 4, 1875. 

The McCaffrey Ditch, sharing the head-gate of the Calloway Canal, 
is 3 miles long, 7 to 8 feet wide on the bottom and is 2J feet deep. It 
irrigates the land between the Calloway and the river. The appropri- 
ation is 1,296 inches, equivalent to 26 cubic feet per second. The date 
of location is October 31, 1874. 
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The head-gate of the Emery Ditch is iu the northeast quarter of 
section 22, T. 29 S., R. 27 E. It is 3 miles long, 6 to 8 feet wide on the 
bottom, and 2 feet deep. It appropriates 2,000 inches, equivalenlr to 40 
cabic feet per second. Located December 2, 1876. 

The Jones and Tuckey Ditch begins in tbe northeast quarter of sec- 
tion 32, T. 29 S., R. 27 E. It is 4 miles in length, 10 feet wide on the 
bottom, and 2 feet deep. The appropriation is 1,000 inches, equivalent 
to 20 cubic feet per second. Located June 24, 1876. ' 

The Kailroad Canal, commencing near the corner of southwest quar- 
ter of section 31, T. 29 8., E. 27 E., is 3,000 feet long. It is 40 feet wide 
on the bottom, and 2 feet deep. It empties into Goose Lake slough. 
It appropriates 31,075 inches, equivalent to 620 cubic feet per second. 
Its^cation dates July 24, 1874. 

The head gate of the Wible Canal is in the northwest quarter of sec- 
tion 6, T. 30, S., E. 27 E., and running about 1,000 feet, it discharges 
into Goose Lake Canal, and by means of this canal and Goose Lake 
slough, its waters are conveyed to the lands to be irrigated. It is 40 
feet wide on the bottom, and 2 feet deep. Its appropriation is 5,040 
inches, and its capacity 300 cubic feet per second. Located May 1, 
1875. 

The property of the Goose Lake Canal Company is taken from the 
northerly bank of Kern Eiver, in the northeast quarter of section 1, T. 
30 8., R. 26 B., and runs thence northwesterly 4^ miles, emptying into 
Goose Lake slough. Flowing througii this slough the water is taken 
out at different points along the slough in ditches. It is 140 feet wide 
on the bottom and 3 feet deep. It appropriates 90,000 inches, equiva- 
lent to 1,795 cubic feet per second. It was located July 13, 1875. The 
Bailroad, Wible, and Goose Lake Canals all empty into the Goose Lake 
slough, and use it as a common channel to carry their waters to the 
adjoining lands as far down as Goose Lake, a distance of 22 miles. 

The Pioneer Canal, owned by the Pioneer Canal Company, has its 
head-gate in the northeast quarter of section 1, T. 30 S., R. 26 E. It has 
a length westerly of llj miles, being 60 feet wideon the bottom and 3 
feet deep. This canal flows through the entire lengh of the McClung 
ranch, which is wholly irrigated by it and its principal distributing 
branch) the Pottinger Ditch, 16 feet wide. It also passes through the 
Buena Vista ranch, furnishing mainly its irrigating waters. Its appro- 
priation is 20,074 inches, equivalent to 400 cubic feet per second. This 
canal was located April 26, 1873. 

The head-gate of the Edwards Ditch is in the northwest quarter of 
section 1, T. 30 S., E. 26 E. It is 2 miles long, 10 to 12 feet wide on the 
bottom, and 1 foot deep. It appropriates 1,440 inches, equivalent to 20 
cubic feet per second, and was located December 21, 1874. 

The James and Dixon Canal is owned by the James and Dixon Canal 
Company. It commences in the southeast quarter of section 3, T. 30 8., 
E. 26 E., and runs in a westerly direction about 12 miles. It is 30 feet 
wide on the bottom and 3 feet deep. Its appropriation is 14,000 inches, 
equivalent to 279 cubic feet per second. Its location dates April 19, 
1873. 

The Johnson Ditch is owned by the Lower New Kern Eiver Irrigat- 
ing Company, and begins in the southeast quarter of section 3, T.30 S., 
E. 26 E , a few feet below the James and Dixon Canal, with which its 
waters join in a shallow slough, a few hundred feet below. Its course 
is southwesterly about 4 miles. It is 30 feet wide on the bottom and 3 
feet deep. It appropriates 8,640 inches, equivalent to 172 cubic feet 
per second. It was located June 12, 1873. C^r\r\n]o 

' Digitizedby VjVJOy It, 
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The Ash Ditch is near the Johnson, and is taken from the river in 
southeast quarter of section 3, T. 30 S., E. 26 E., and 18 1 mile in length. 
3 feet wide on the bottom, and 2 feet deep. It bas a discharging capac 
ity of 24 cnbic feet per second. 

The May Ditch leaves a short arm of the river in the northwest cor- 
ner of the southwest quarter ol section 18, T. 3i) S., R. 26 E. It is 2 
miles long, 8 teet wide ou the bottom, and 2 feet deep. Its appropria- 
tion is 4,000 inches, equivalent to 80 cubic feet per second. Its location 
was made November 29, 1873. 

The Joice Canal is taken from the river in the northeast comer of the 
southwest quarter of section 23, T. 30 S., R. 25 E. It is nearly 4 miles 
long, 12 feet wide on the bottom, and 2 feet deep. It approjmates 6,^f0 
inches of water, equivalent to 129 cubic feet per second. Its loeatron 
was made May 26, 1873. 

The Dixon Canal is a branch of the Joice Canal, diverting the water 
from the latter for about 2^ miles, and then it branches out to the north- 
ward, irrigating lands on the borders of the reclaimed swamp-land dis- 
trict. It is 8 feet wide on the bottom and 4 feet deep. The appropria- 
tion is 3,456 inches, equivalent to 69 cubic feet per second. Its location 
dates April 13, 1875. 

The foregoing canals and ditches are all on the north side of the New 
Kern River, or now Kern River proper. Those on the south side, about 
the same number, are located on both sides of Old River. The first one 
in order on the river, locating at the highest point on the left bank of 
the stream, is the property of the Keru Island Irrigating Canal Com- 
pany, called the Kern Island Canal. 

It is taken from Kern River near the southeast corner of the sonth- 
west quarter of section 9, T. 29 S., R. 28 E., about 2 J miles northeast of 
Bakersfield, through which town it passes. It is 18^ miles long, with a 
width at the head-gate of 48J feet on the. bottom and a depth of 4 feet. 
It terminates at Kern Lake. At Bakersfield the canal makes a vertical 
fall of nearly 20 feet, furnishing water power for a large flouring mill. 
This important canal has two main branches, the town branch, supply- 
ing Bakersfield and vicinity, having a length of 2 miles, and a central 
branch, diverging from the canal south of the town, and running liearly 
parallel to it, varying from one-half to 2 miles distant, for a distance of 
10 miles in a southerly direction. This branch has a width of 20 feet 
on the bottom, and a depth of 3 feet, with slopes of 3 to 1. The central 
branch has nineteen drops in the distance of 10 miles, placed at inter- 
vals of half a mile. The Kern Inland and its branches have thirty-one 
lateral ditches, besides a connecting ditch with theStine Canal, having 
a total length of over 80 miles. The Kern Island Canal appropriates 
20,000 inches, equivalent to 400 cubic feet per second. Its location 
dates from the latter part of 1870. 

Next below the Kern Island is the Old South Fork Canal. It is taken 
from the river in the central northern part of the northeast quarter of 
section 17, T. 29 S., R. 28 E., about three-fourths of a mile below the 
head-gate of the Kern Island Canal. It runs 3 miles southwesterly into 
the bed of the Old South Fork of Keru River, in which its waters are 
conveyed to Kern Lake in a nearly southerly direction. The canal has 
a width of 26 feet ou the bottom, and is from 2 to 3 feet deep. Its dis- 
tributing ditches aggregate 7 miles, one of the principal of which is the 
Cotton Ranch Ditch, irrigating 1,100 acres of alluvial bottom lands, 
north of and adjoining Bakersfield. Most of the water diverted into 
the Old South Fork is turned into the Panama Slough, and again 
diverted below by the Panama Ditch. This canal is also used at times 
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as a feeder for the Kern Island Canal. The appropriation is 3,800 
inches, equivalent to 75 cubic feet per second. 

The Farmers' Canal, owned by the Farmers' Canal Compauy, takes 
its water from the river in the northeast quarter of section 24, T. 29 S., 
E. 27 B., about 200 feet above the Southern Pacific Kailroad bridge 
across Kern River with a 48 feet opening, fronting parallel with the 
river, the water entering the canal at right angles with the stream. 
The first artificial channel to the Panama Slough is about three-quar- 
ters of a mile in length. The total length of the main channel is about 

15 miles, consisting wholly of natural sloughs, it has 4 miles of 
branch constructions, varying from 10 to 20 feet in width. It has 30 
miles of distribuiing ditches. The artificial channel is 50 feet wide on 
the bottom and 3 feet deep, and the natural channel varies from 20 to 
60 feet in width, ^ith a depth of 6 to 10 feet, having nearly vertical 
banks. The soil through which it passes is generally a firm, clayey loam, 
and permits natural irrigation of adjacent lands by percolation. A 
great deal of this land along theokl channel is thus kept constantly 
moist and requires no irrigation. It appropriates 14,400 inches, equiv- 
alent to 287 feet per second. Its location was made April 29, 1873. 

The Castro Ditch derives its water at the junction of Old and Kern 
Bivers, in the northeast quarter of section 20, T. 29 S., K. 27 E. It is 

16 feet wide on the bottom, 2 feet deep, and 5 miles long. It crosses 
Panama Slough, and irrigates a small amount of land east of that chan- 
nel. The appropriation is 1,000 inches, equivalent to 20 cubic feet per 
second. 

The Stine Canal, belonging to the Stine Canal Company, has its head- 
gate also at the junction of Old and Kern Eivers, adjoining that of Cas- 
tro, in the northeast quarter of section 26, T. 29 S., R. 27 E. It occu- 
pies the bed of Old River for the distance of half a mile. This canal is 
80 feet wide on the bottom, 3 feet deep, and 15 miles long. It has two 
main branches, with numerous forks, varying in width from 12 to 20 
feet on the bottom, and having an aggregate length of 32^ miles, and 
41^ miles of distributing ditches. It is next in importance, in this sys- 
tem, to the Kern Island Canal, and shares with the Farmers' Canal in irri- 
;gating T. 30 and 31 S., E..27 B., besides supplying water for other lands 
west and south. Its appropriation is 55,980 inches, equivalent to 1,117 
cubic feet per second. It was located December 12, 1872. 

The Anderson Canal heads also in the northeast quarter of section 26, 
T. 29 S., R. 27 B., at the junction of Old and Kern Rivers. Its head- 
gate connects with those of the Stine and Castro, and the same system 
of wing dams serves for all. The canal runs southwesterly 4 miles, is 
15 feet wide on the bottom, and 2^ feet deep. This canal is used ex- 
clusively for irrigating Stockdale ranch, located about 5.J miles south- 
west of Bakersfield. Its appropriation is 5,057 inches, equivalent to 
101 cubic feet per second. The location was made October 9, 1872. ' 

The Gates Canal, owned by the Gates Canal Company, is taken out 
of Kern River, in the southwest quarter of section 20, T. 29 S., R. 27 B., 
and runs in a southwesterly direction 2^ miles. It is 12 feet wide on the 
bottom and 2^ feet deep. It also is used exclusively in irrigating Stock- 
dale ranch. Its appropriation is 5,057 inches, equivalent to lOL cubic 
feet per second. This canal was located originally without record early 
in 1872, and relocated October 7, 1878. 

The Buena Vista Canal belongs to the Buena Vista Canal Company. 
Its head-gate is in the northeast quarter of section 33, T. 29 S., R. 27 
B., and runs southwesterly through Bellevue ranch, located about 8 
miles west of Bakersfield. It is 13| miles long, 30 feet wide on the bot- 
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torn, and 3 feet deep. It has uumerous ditches of various diuieusions. 
Its appropriation is 14,000 inches, equivalent to 279 cubic feet per sec- 
ond. Its location was July 15, 1870. 

The James (Janal, which is the property of the James Canal Company, 
heads in the northeast quarter of section 33, T. 29 S., R. 27 B. It runs 
southwesterly 17J miles, is 60 feet wide on the bottom the first 3 miles 
and 40 feet the remaining distance, and is 3 feet deep. This caual also 
flows through Bellevue ranch, supplying water for this ranch and all 
lands still farther south and west. The amount of appropriation is 
19,730 inches, equivalent to 394 cubic feet per second. Date of location, 
October 15, 1871. 

The Plun'kett Canal, belonging to the Phmkett Canal Company, com- 
mences in the northwest quarter of section 33, T. 29 S., B. 27 B. It 
runs southwesterly through Bellevue ranch, and is used exclusively 
for it. Amount of appropriation is 5,057 inches, equivalent to 101 cubic 
feet per second. Bate of location, December 31, 1872. It is 3^ miles 
long, 12 feet wide on the bottom, and 2 J feet deep. 

The Meacham Canal is the property of the Meacham Canal Company, 
commencing in the northwest quarter of section 6, T. 30 S., R. 27 E., 
and flows through Bellevue ranch southwesterly about 4 miles. It is 
12 feet wide on the bottom and 3 feet deep. Its appropriation of water 
is 1,500 inches, equivalent to 30 cubic feet per second. It was located 
April 15. 1873. 

The Wilson Canal comi^ences at a point on Kern Biver, near the 
head-gate of the Meacham Canal, in the northwest quarter of section 6, 
T. 30 IS., B. 27 E., and also flows through Bellevue ranch 2^ miles in a 
southwesterly direction, and is 5 feet wide on the bottom and 2 feet 
deep. It appropriates 500 inches, equivalent to 10 cubic feet per sec- 
ond, and was located August 15, 1874. 

The Henley Canal begins in the southeast quarter of section 9, T. 30 
S., B.26E., and runs southwesterly 2 J miles. It is 3 feet wide on the 
bottom and 2 feet deep. The amount of the appropriation is 2,880 inches, 
equivalent to 57 cubic feet per second. Its location dates January 29, 
1874. 

The Frazer Canal takes its waters out of the Kern Biver, in the 
northeast quarter of section 16, T. 39 S, B. 26 E. It flows southwesterly 
2 J miles, and is 5 feet wide on the bottom, with a depth of IJ feet. It 
appropriates 2,600 inches, equivalent to 52 cubic feet per second. It was 
located April 15, 1873. 

The Kern Valley Water Company has two main canals for the re- 
clamation of swamp land in District No. 21, in Bueua Vista Slough, and 
a distributing canal. The principal canal is that on the west side of 
the district, following, generally, the border of the swamp lands for a 
distance of 24 miles. At its head it is 125 feet wide on the bottom, 7 
feet deep, with sides sloping from 3 to 1 and from 7 to 1, and a grade of 
nine-tenths of a foot per mile. The grade is very irregular, and we give 
it in detail. For one-half mile the grade is nine-tenths of a foot; 9 
miles, it is 2 feet; one-half mile, 2^ feet; and IJ miles, level; vertical 
drop, 1 A ^^^^ 5 1 mile, 8 feet; 2 miifes, level. 

Below this main channel, a parallel distributing canal, 30 feet wide 
on the bottom and 2 feet deep, was constructed about 10 miles long. 
On the east side of the swamp a canal about 6 miles long was con- 
structed for irrigacion purposes, having a width on the bottom of 25 feet, 
a depth of 3 to 5 feet, and side slopes of 3 to 1. The appropriation of 
water of the Kern Valley Water Company is 100,000 inches, equivalent 
to 1,995 Qubio feet per ^ecQud, aud its lo«>atiQo dJ^tes April 7, 1877» The 
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appropriation of the Kern Valley, east side, is 30,000 ioches, equivalent 
to 599 cubic feet per second, and the location dates April 9, 1877. 

Biaum^ of the canal system of Kern Valley, 



Name of oonal. 



Beardsley * 

McCord 

Calloway 

McCafliy 

Emery 

JonesTackey 0. 

Kailroad 

Wible , 

Goose Lake «.... 

Pioneer 

Bdwards 

James and Dixon 

Johnson 

Ashe 

May 

Joice 

Dixon 

Total 

Kern Island i.. 

Old Sonth Pork 

Farmers' 

Castro 

Stine 

Anderson ,• 

Gates 

Baena Vista — .' 

James 

Plunkett 

Meachiuu 

Wilson 

Henley 

Frazer 

Kem VaUey Water Company 

Total 

Grand total , 



Length. 



MUes, 
8 

32 
3 
3 

4 



3 
4 

1 
2 

4 
2i 



m 



197^ 



Appropriation. 



Miner's inch. 

47,230 
5,000 

74,000 
1,296 
2,000 
1,000 

81, 076 
5,040 

90,000 

20,074 
1,440 

14,000 
8,640 
1,200 
4,000 
6.250 
8.456 



815,701 



20,000 
3,800 

14 400 
1,300 

55,980 
6,057 
6,067 

14,000 

19,730 
5,057 
1,500 
500 
2,880 
2,600 
130,000 



281,561 



597,262 



CfuMe/eet 

938 

loO 

1,476 

26 

40 

20 

620 

100 

1,795 

400 

29 

279 

172 

24 

80 

125 



6,293 



400 

75 

287 

20 

1,117 

101 

101 

279 

894 

101 

30 

10 

57 

52 

2,594 



5,618 



11, 911 



The rains of winter and the melting snows of summer on the upper 
Sierra thus maintain a full flow in Kern Eiver for about two-thirds of 
the year, the period covering the greatest demand for irrigation. Kern 
Eiver has a slope through the valley of 6 to 8 feet per mile, and lies in a 
shallow, sandy bed, with banks of sandy soil 3 to 6 feet high. These are 
favorable conditions, and enable water to be taken out at almost any 
point at comparatively small cost. Few permanent, costly dams, or 
very expensive head-works have been found necessary ; a simple wing- 
dam of sand and brush, running out into the channel of the river at an 
acute angle up the stream, serves every purpose, in most cases, for 
diverting water into the canals, there being only five weir extensions 
across the river in the whole system. 

Then, again, the slope of the irrigable lands of the valley is so great 
there is no difficulty in running canals in almost any direction over them, 
nor in distributing water in the smaller ditches, or in draining it off. It 
is therefore peculiarly favorable for irrigation, yet the soil is too friable 
to permit of canals of any considerable size taking the natural slope of 
the ground without serious erosion and damage. 

The grade over these sloping plains is regulated by " drops ^ or weirs, 
placed at proper intervals, with movable weir-boards, which are also con- 
venient m^ necessary for raising water to enter distributing ditdjies. 
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These drops are constracted similarly to tlie canal head- works, aod are 
characterized by an absence of ponderous gates for regulating the wa- 
ter and extreme lightness of timber used, studying the greatest econo- 
my in material. Head-gates are a necessity when the water is taken 
out of the river to control the admission of water to the canal. They 
are made entirely of wood, there being no stone readily accessible in 
this vicinity. The better class of these head-gates are constructed upon 
a foundation of anchor-piles driven into the sand as faras possible, with 
sheet-piling of 2inch planks at the upper and lower sides of the struct- 
ure. 

Weirs, as before indicated, are constructed not only for drops, but 
for raising water for entering distributing tlitches. Side gates are at 
the head of distributing dit<5hes for the purpose of admitting water from 
the canal into such ditches. They are constructed upon the same prin- 
ciple as head-gates. 

The canal flume is the usually constructed flume for carrying one 
stream of water over another across a gulch or ravine. 

Wing dams are built of brush and in the river, from the lower side of 
the mouth of the canal up the stream, at an acute angle with the cur- 
rent^ to turn the waters of the river into the canal. 

Waste-gates are built at the heads of canals and also along their 
coui-se to let off any oversupply of water. Inverted siphons are put 
into canals for the purpose of carrying their waters under another 
canal. 

A module is put into a gate or other structure for the measurement 
of water. 

There are four general classes of irrigation as conducted in California. 

First method, — Constituting irrigation of vines and trees, as prac- 
ticed in some poi tions of Los Angeles and San Diego counties, under 
which the water is conducted through pipes having openings at each 
different vine or tree to be irrigated, all of these small distributing pipes 
being supplied from one large pipe. This of course is a highly expen- 
sive mode of irrigation, and one which can not bo practiced except 
where an exceedingly small amount of water must be utilized to the 
greatest degree possible and where the results as derived therefrom are 
of great benefit. 

Second method. — By building ditches at stated distances apart, the 
land being irrigated by the seepage or percolation of water through the 
soil, from one ditch to another. This method is applicable only in dis- 
tricts having a loose soil, through which the water can easily pass, and 
is not to any extent valuable for use in Kern County, where such con- 
ditions do not exist. 

Third method. — By building the ditches on the ridges or highest ground 
in the land to be irrigated, and from them running the water downhill 
and holding it back by means of small temporary checks, or, in cases 
of vines or trees, running the water downhill through plow furrows. 
This method of irrigating is well adapted to the irrigation of orchards 
and vineyards, thereby utilizing the water to good advantage; but in 
the irrigation of grass or alfalfa land, or in other cases where it is de- 
sirable to cover simultaneously a large ar»^a of land, it has been found 
to be more expensive than, and in the irrigation history of Kern County^ 
has generally been supplanted by, the fourth method. 

Fourth method.— By building ditches at stated distances apart, run- 
ning downhill with the slope of the country, and between them building 
permanent levees on contour lines, the latter being distributed with the 
grade at varying distances of fall, as desired, of 6, 9, 12, 18,, qc 84= inches. 
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This is the cheapest method of irrigating where there is an abundance 
of water and where the area owned, controlled, or irrigated by any one 
man is large. 

The above descriptions under the first, second, and third modes of 
irrigation clearly indicate the manner in which the water is handled, 
and to the uninitiated no explanation is therefore needed, except as 
connected with the fourth mode, which has most generaHy been adopted 
in Kern County. In the second, third, and fourth modes of irrigating 
the diversion of the water from the river, creek, spring, reservoir, or 
other general source of supply where large areas are to be irrigated is 
required to be made into one general conducting ditch, from which the 
smaller distributing ditches diverge, conducting the water to the lands 
to be irrigated. 

DIFFERENT SYSTEMS. 

Subsoils dams are frequently constructed in California with the object 
of cutting off the subterranean flow of water in channels whose beds 
soon become dry on the surface. It is first ascertained by sinking 
shafts across the channel Whether water is thus passing subterraneously. 
This will be observable in some cases by floating substances traversing 
the shaft, but if the flow is very slow it may not be detected by this 
means, and coloring the water with a dye will show it by a replacement 
of the colored by pure water passing through the shaft. A subterra- 
neous water flow is frequently brought to the surface by impervious 
strata traversing its course. Localties in which this occurs are the best 
sites for weirs. It is not probable that such natural bars are to be found 
in the plains, far removed from the source of supply, and to produce 
them artificially in such situations would necessitate very deep and 
probably very extended walls. The trial shafts should therefore be 
made where the valley is well defined in character. 

Of course these submerged dams can only bring water to the surface 
of the channel where the latter is of sand or gravel through which the 
water would rise, forming an artesian supply. Where the surface of the 
bed is of sand, in which the water could be again lost, the elevated 
water would of course be diverted to an impervious channel provided 
for it. Where such subterranean water can be intercepted a consider- 
able supply might be expected for some months after the water ceased to 
flow previous to the interception, for doubtless in many cases a con- 
siderable proportion of the rain-fall is absorbed and given off gradually 
to subterranean strata. 

Subterranean currents have also in several instances been interrupted 
by means of tunnels run in from the surface 2,000 and 3,000 feet, the flow 
being planked to form a flume and the water then conducted to open 
channels. Tunnels of this character are at Ontario and at Passadena, 
where a second tunnel was driven at a higher level, completely cutting 
off' the supply from the first enterprise. At Eiverside it has been as- 
certained that there is a large subdrainage in the low land 'forming the 
bank of the river. A level channel for half a mile, cutting across this 
drainage so that the flow shall be intercepted, will give perfectly clear 
wat.er, sufficient for the canal supply. Should half a mile not be suffi- 
cient it can be extended. 

Flumes are used where it would cost considerably more to convey 
water in an excavated channel, or wh^e the soil is gravelly, and the loss 
by percolation would be great. Eavmes are crossed by flumes or pipes. 
The objection urged against flumes is their continual cost for repair, and 
danger of destruction by fire. Where they are used, and practicable, 
138 A L— AP VOL IV 9 



130 IRRIGATION IN THE UNITED STAGES. 

they are set on a heavier grade than channels 30 to 35 feet per mile, 
and are of proportionally smaller area than channels with less grade. 
They should be constructed in straight lines if possible. Curves where 
required should be carefully set out, so that the flume may discharge 
its maximum quantity. Many canals have miles of fluming in Oalitbrnia. 
In the ordinary style of construction sills, posts, and ties support and 
strengthen the work at every 4 feet. The posts are let into the ties and 
sills. The sills extend 20 inches beyond the posts, to which side-braces 
are nailed to strengthen the structure. Where flumes are not supported 
on trestles, but rest on an excavated ledge, it .is desirable still to use 
the stringers, which should be placed just outside the posts, so that 
water leaking from the sides will drop clear of them. Main supports, 
such as trestles, are placed 8 feet apart. Planking should be either 
redwood or heart sugar pine. 

A flame at Eiverside is 900 feet long, the section being 8 feet by 2 
feet 8 inches, the sills rest on concrete blocks made in situ, molds being 
over the spot where the block is required, and concrete consolidated 
into it. Its greatest height is 42 feet; the total cost, $6,200; waste- 
gate at the upper end cost $200. This is necessaiy in case of repairs 
being required. The connection with the land at either end is 15 feet 
long, with sets of flanges projecting 5 feet on either side, ^nd a 16-incli 
plank underneath. The joints are covered with a solution of asphalt 
in turpentine, which is elastic and does not crack. This protection 
woul4 not be necessary if carefully joined redwood were used. 

A flume at Los Angeles, constructed by Mr. P. Eaton, is both econom- 
ical of material and strong in design. Here Oregon timber was used. 
The joints were left open one-sixteenth of an inch, and chamfered, and 
the inside swabbed with asphalt. The planks were 16 feet long, break- 
ing joints at 8 feet. Cattle-troughs are made on the same plan from 8 
to 16 feet long. 

Flumes are often constructed, instead of small channels, where the 
soil is porous and the quantity of water limited. These are made of 
three planks, in lengths about 10 feet, and butt-jointed (the joint being 
covered and connected by a 3-inch by 1-inch piece), and are laid to a 
grade of 10 feet to the mile or more. Holes are made in them opposite 
each tree or furrow that requires water, a stop is placed in the flame 
below the length to be irrigated, and the plugs removed from the holes 
when the water is to be delivered. 

The Bear Eiver Canal flume is 500 feet long, with section of 5 feet by 
3 feet, and a fall of 10 feet per mile. Flumes are extensively used in 
hilly districts for drainage across the land, and a waste flume is inserted 
opposite the drainage, permitting the water in excess of the channePs 
capacity to escape, A flume is sometimes carried inside a larger one, 
the smaller one delivering the water at a higher level, or to another 
irrigator, so that the two supplies may be kept separate. 

The asbestine system. — The inventors of this system hold that in a 
region where no rain falls during the long summer the only proper 
way to irrigate orchards, vineyards, etc., is to apply the water below 
the surface of the ground, keeping the surface dry. The asbestine sys- 
tem consists in conducting the water in concrete pipes below the reach 
of the plow along each row of trees. At each tree a plug is set in the 
upper side of the pipe, each plug having a small hole through which, 
and nowhere else, the water escapes, falling on the outside of the pipe 
and being taken into the soil by capillary attraction. It saves from 
three-fourths to nine-tenths the water used in surface irrigation. It is 
under perfect control, and can be applied wherever irrigation^is needed. 
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There is no need of summer cultivation, either before or after irrigat- 
ing. The surface of the ground is always dry in summer, hence exempt 
from the unavoidable chill of surface irrigation. The soil is never ex- 
cessively wet and can not bake, but remains moist, loose, and at nearly 
uniform temperature, promoting a long summer growth. Anything that 
the soil lacks as plant-food (manure, lime, etc.) can be easily, directly, 
and economically applied in liquid form. The pest of the vineyard, 
phylloxera^ can be thus easily reached. No grading is necessary, as the 
system works as well on hill sides and undulating land as on ground 
uniformly sloping. 

If, through carlessness, muddy water is let into the pipe, and sedi- 
ment collects, one or more of the lower plugs can be taken out, and 
the water passed rapidly through. The pipes will thus be cleaned. If 
the water is kept in motion, the sediment it contains should not be de- 
posited. On the Briggs farm, in the Sacramento Valley, the pipes, 
4 inches in diameter, are made on the place by an ingenious machine, 
from cement and fine gravel in the proportion of three-fourths of the 
latter to one-fourth of the former, and are laid at a depth of 20 inches 
down the center, between each second row of vines, with an opening for 
the escape of the water in the upper side of the pipe every 30 feet. 
The pipe-making machine is so constructed as to travel along the 
trench, making and laying the pipe in one operation, after which the 
earth is covered in with a guard over the vent-holes to prevent choking. 

The water supply, raised when required from a neighboring stream by 
steam-engine and centrifugal pump, is commanded by sluice-doors at 
various poiuts, to admit of the water being laid on or shut off at 
pleasure; but excellent as the system is in theory, Mr. Briggs has ilot 
yet managed to get it to work with thorough satisfaction. 

Mr. Holt, of Eiverside, has devised a different mode of letting the water 
escape from the pipes. To prevent the holes in the plugs becoming 
occasionally closed by roots finding their way into them, a section of 
about 6 inches long is cut out of the continuous pipe where the plugged 
hole would be, and a square hole, about 6 inches by 6 inches, sunk below 
the gap in the pipe. A tile, in the form of a saddle, 9 inches long, 
covers the gap, and the water escapes between the two surfaces. The 
advantage of this plan is that if roots do find their way between the 
two faces they are easily cleaned away by cutting them. The hole below 
the ^ap catches any silt that may pass down the pipe. This most eco- 
nomical system of irrigation should be especially suited to cases in which 
water is very scarce, as where it is raised by wind-power. The water 
will spread over a circular area of 16 feet diameter in four or five hours. 
Subirrigation is practiced largely in Japan. 

Fipes and conduits. — Where water is scarce, and has to be conveyed 
long distances in channels excavated in tlie soil, exposing it to too great 
a loss, impervious channels and pipes of various kinds hav0 been re- 
sortetl to to convey it to land that was valueless without it. This has 
caused the adoption of a variety of materials to render conduits imper- 
vious and of various modes of application of water by their means. 
The following impervious conduits are used : (1) Wooden flumes ; (2) 
lined channels; (3) wrought-iron riveted asphalted pipes; (4) wrought- 
iron laminated asphalted pipes; (5) terra-cotta pipes; (6) cemented 
pipes; (7) asphalt pipes. 

Lined channels. — The Zanja Madre Channel at Los Angeles was lined 
with concrete, and had a cross-section of a segment of an ellipse, with a 
diameter of 5 feet and a depth of 3^ feet. The thickness of concrete was 
6 inches. The ingredients were hydraulic lime, two parts j clean^ sharp 
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sand, three parts j pebbles^ 1 inch in diameter, four parts; small stones, 
2 to 3 inches in diameter, four parts ; large stone, not exceeding 5 inches 
in diameter, four parts ; cost $2 per linear foot. 

A tunnel conveying water to Los Angeles was lined on the bottom 
with concrete 4 inches thick, forming a semicircle of 4 feet diameter. 
The cost was 75 cents per linear foot, with cement at about $4 per cask. 
Wrought-iron riveted and asphalted pipes are extensively used in Los 
Angeles County for irrigation. They are jointed, stove-pipe fashion, and 
when not subjected to too great pressure are set with red or white lead. 

Wrought-iron laminated asphalted pipes are made of two shells of 
sheet-iron. These shells are made of one sheet of iron 8 feet long, 
rolled and lapped 1 inch, and united by a composition solder. They 
are half the thickness of iron that would be necessary for the ordinary 
sheet-iron pipe. The inner shell is telescoped into the outer shell whilst 
immersed in hot asphalt, specially prepared, giving a thickness between 
tlie sheets one-sixteenth of an inch, or more, if desired, thus making an 
impassable barrier to corrosion from outside or inside. The outside and 
inside coatings are also substantial. This produces a solid shell 8 feet 
long, with an inner surface free from all excrescences. 

The pipe is also made double, of one sheet, by rolling a sheet that is 
twice the width of the single sheet until the edges will lap with a thick- 
ness of iron between them ; the lap is riveted. This is dipped in as- 
phalt, but it can not have the intermediate lamina of asphalt, which is 
the main advantage of the laminated over the single sheet-iron pipe. 
Both these descriptions of pipes are jointed end to end, an inner sleeve 
being fixed in the shop. In laying, the end is dipped in hot asphalt 
and an outer sleeve is also dipped and pressed on by a clamp over the 
point until the asphalt is set. Bends and branches are of cast-iron, as 
in the ordinary sheet-iron pipe, and the joints are made with cement. 

The 4-inch laminated pipe has been tested up to 500 pounds per square 
inch. Its price is about 25 cents per linear foot The double-rolled, 
pipe is about 17 cents per foot. The construction of the latter is much 
simpler, and the asphalt has been found a perfect protection from rust, 
so there is no necessity for the lamination. Terracotta pipes would be 
excluded by their price, except for some special purpose, such as sew- 
erage or culverts, for use under roads, etc. Concrete pipes, where good 
sand is obtainable, and no pressure is required, are extensively used. 

At Ontario Colony, San Bernardino County, au irrigation enterprise 
has been started, which is mainly dependent on concrete pipes for con- 
veying the water from the canon. Thirty miles of 12-inch concrete pipe 
have been laid here, at a cost of about 43 cents per linear foot for mak- 
ing. The ingredients are cement, sand, and gravel, in the proportion 
of one of cement to four of clean, sharp sand, and gravel. The gravel 
may be as large as half the thickness of the shell of the pipe. 

The pipes are formed in molds of sheet-iron. These consist of two 
sheet-iron cylinders, an inner and an outer, both of which can be ex- 
panded and contracted by means of a bar fixed parallel to the joint from 
which four arms project, connected with the outer edge of the joint so as 
to close and open it. Between these cylinders is a cast iron ring, form- 
ing the base. This cast-iron ring is shaped to mold the end of the pipe 
to form a socket. The inner cylinder or core is kept central at its base 
by being inside the cast-iron base. It is centered above by hand until 
sufl&cient of the concrete mixture has been consolidated around it to 
keep it so. The filling is then completed, being put in in small quanti- 
ties at a time, and consolidated with an iron rammer. The upper end 
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of the pipe is shaped to form a spigot by means of a cast-iron rinpf that 
is worked round by hand. A 6-inch diameter 2foot-long pipe is made 
at the rate of one length per minute by three men. Only as much of the 
mixture mast be made at one time as can be used within ten minutes after 
mixing, or its setting qualitiq^ will be injured. The newly-made pipe 
is removed' from the mold or the mold from it on the drying area, the 
base being left for it to stand on until sufficiently set to handle. In 
handling the larger-sized sections a clip with handles is used, and an- 
other for laying. 

The pipes m£uie with mixture of one to four are not guarantied to 
stand pressure, but with a slight increase, and well consolidated, they 
will stand a considerable head. They are cheaper than any other pipes 
when suitable sand and gravel are obtainable near the site where they 
are to be used. A continuous pipe-making machine, for making a con- 
tinuous concrete pipe in a trench excavated to the required depth for 
subirrigation, consists of a cylinder of the size of the pipe required, in 
which an india-rubber core is moved backwards and forwards by atlevevj 
the concrete material being thrown into a funnel fixed at right angles 
to the pipe-making cylinder. By this means three men can make over 
1,000 feet of 2-inch piping in ten hours. This system is not much used. 

Asphalt-concrete pipes are made as described for concrete pipes, and 
are superior to them, being perfectly impervious and capable of with- 
standing much greater pressure. The proportion of sand to asphalt 
and the other ingredients could not be ascertained, but the quantity of 
the sand need not be limited, as in cement concrete, for the larger the 
quantity of sand used the harder and better the pipes. The pipes are 
united by heating them so as to form a continuous pipe, as strong at 
the joints as in another part. Where the ground is yielding they are 
laid on piles driven 6 feet into the ground, and a plank laid on top of 
the piles upon which the pipe rests. 

T/te Highland Park Water- Works, Los Angeles^ for irrigation and do- 
mestic supply. — The source of the supply is the Arroyo Seco, a torrent 
which runs a few days only after each rain-fall, and springs, yielding 
during the dry months about .08 cubic feet per second. There are 400 
acres supplied by the system, which must necessarily depend for its ir- 
rigation on the flood flow; hence a storage reservoir is necessary of suf- 
ficient capacity to store the rain-fall as it occurs, to be applied to the 
land during the intervals of dry weather, which through the rainy season 
average about fifteen days each. Allowing 2 inches depth as the mini- 
mum for each irrigation, 400 acres would require eighteen and one- 
seventh million gallons. The reservoir capacity is 20,000,000 gallons, 
and is connected with the main pipe, so that any excess over the dis- 
tribution flows into the reservoir, and of course when the supply from 
the source is less than the pressure from the reservoir the distribution 
receives the water from the latter. The reservoir is therefore the head 
to which the supply pressure is due unless the reservoir main valve be 
closed, when the head at the source would furnish the pressure. 

This system is capable of supplying 12 inches depth of water over the 
400 acres during the year, in addition to the rain-fall, which averages 
12 inches, and falls between the months of lifovember and May. The 
land thus receives 24 inches depth of water, which is ample in this 
country for most products required, excepting oranges and alfalfa. The 
main pipe is 8 inches in diameter, asphalted wrought-iron, and the dis- 
tribution pipes are of the same material, and from 2 inches to 6 inches 
in diameter. Each lot takes its supply through a 2-inch Bipe. The 
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effective pressure is 40 poands per square inch. The land is irrigated 
by farrows, and service-pipes are laid over the ground in some cases, so 
that each tree can be watered from a rubber hose into a check of from 
5 feet to 12 feet diameter, according to the age of the trees. 

The head works are temporary, consisting of a wooden trough 100 
feet long. This is laid in the bowlder, bed 'of the channels, with the top 
of the sides slightly below the bed lioe. It is anchored by cleats fast- 
ened to its bottom, that extend 3 feet from the sides. Thes^ are cov- 
ered, and the trough filled with bowlders, the water flowing between 
the bowlders. The trough at its lower end is connected with a 10-inch 
cement pii)e. The temporary wooden flume will be replaced by a per- 
forated wrought-irou pipe that will extend 100 feet, 5 feet below the 
shingle and bowlder bed, the water being dammed back by a submerged 
weir, causing the water that the pipe is capable of carrying to be drawn 
off by it ; the water will thus be filtered of anything that can now pass 
between the bowlders. The cost of this scheme was $21,300. 

The Ontario colony. — This colony is an example of utilizing wasteland 
and water to the maximum of benefit. It is situated on the sloping 
land from the foot-hills of the Sierra Madre Mountains, where San Ber- 
nardino and Los Angeles Counties join, the San Antonio Canon or Val- 
ley giving a perpetual supply of water from the mountain snows in the 
summer, and from raiu which falls on the lower slopes and hills in the 
cold months. The soil was analyzed and examined as to its productive 
capability, and found to be peculiarly adapted for the growth of vines 
and fruit-trees. The climate was also favorable. Having purchased 
the land and the water rights, the colonists distributed the water by 
means of cement pipes over the whole tract, divided into 10-acre lots, 
so that each lot should be supplied at the highest point. To accom- 
plish ail this has cost about $170,000. This includes roads, streets, 
railway station, hotel, college, dam, and 27 miles of pipes, masonry- 
lined channel and tunnel, iron pipes for supply of township, etc. 

A dam diverts the surface water from the channel, but as a large 
quantity passes below the bed, a tunnel 3,000 feet long has been driven 
across this drainage and leads it into a masonry-lined channel, which is 
6,000 feet long. The water is taken from this channel by the cement 
pipes, but a reservoir will be constructed to store the surplus water not 
required during the non-irrigating season, and the pipe^ will then con- 
nect with it. It is intended here to use the laminated wrought-iron 
pipe, preferring it to the single-shell riveted pipe. Tlie water is deliv- 
ered and measured from the cement pipes by means of a vertical con- 
nection, at which point a valve is fixed, consisting of a cast-iron plate, 
with an aperture the size of the pipe in it, and a groove for the valve 
to slide in. This valve is simply a plate of cast-iron with a wrought- 
iron lifting-rod. The tunnel referred to was decided on after sinking 
experimental shafts across the valley and then ascertaining that there 
was such a subterranean flow that a light substance, such as a chip of 
wood, would be carried to the bottom of the shaft. 

This mode of intercepting water has been frequently resorted to with 
the most surprising results. The quantity of water used for irrigating 
by the pipe system is 1 cubic foot of water per second to every 50 acres. 
The value of 1 cubic foot of water per second where it can be ap- 
plied, as here, to fruit-growing, is estimated at $50,000. The unit of 
measure is one-fiftieth of a cubic foot, and is termed an inch of water, 
and is measured by the discharge through an aperture 1 inch square in 
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a 1-inch plank under a 4-inch pressure. The discharge of a stream for 
irrigating purposes is estimated for the mid-summer period, that isirom 
the 15th of July to the 1st of August, wheu it is at its lowcist. 

LAKE HEMET WATER COMPANY, SAN DDSaO. 

District and work. — The general project of the Lake Hemet Water 
Company contemplates the storage of water in Hemet Valley for sup- 
ply to the stream at time of low flow, and the diversion of such waters, 
together with other waters of south fork, from a point just above the 
month of Strawberry Fork, and conducting them by means of pipe line 
for the irrigation of lands at the head of San Jacinto Plain, in the 
valley below the lauds of the Fairview company. The district com- 
manded is, practically, nearly the entire San Jacinto Valley. 

Delivery and distribution works. — ^From a temporary diverting dam 
of brush in the south fork of the San Jacinto River, at the point above 
indicated, a 21^ inch sheet-iron pipe conducts water several hundred 
feet to a large satnd-box, arranged in various compartments; thence the 
muu pipe, 13 inches diameter, extends down the bed of the canon a 
total distance of 16,091 feet, to a relief box, into which it empties freely 
at an elevation of about 500 feet below its head. From the relief box 
a22inch riveted iron pipe extends to a point beyond the mouth of the 
(^non, a distance of about 10,260 feet. For purposes of temporary sup- 
pV, an 8 inch pipe has been laid thence, a distance of 22,790 feet, to 
alout a central point in a tract of 10,000 acres, owned by the Hemet 
Lind Company, which is an associate organization with the Lake Hemet 
Water Company. But it is intended to replace this 8-inch pipe by an 
extension of the 22-inch pipe at an early date. The total length of pipe 
this far laid, including some 6,000 feet of lateral distribution pipe, is 
about 64,900 feet, or nearly 10.4 miles. The weight of iron used has 
been from No. 16 up to No. 12 in thickness, and the total cost has been 
abut $45,000. The pipe-laying down the caiion of the river proved to 
bea tedious and expensive job, for the reason that a succession of large 
boilders was encountered in the trench, many of which had to be 
blasted, and many removed with derricks and powerful pulleys, and for 
the further reason that the bed of the creek had to be crossed four 
times. 

Storage reservoir ; Hemet Valley. — The main resource of the com- 
pany in the way of water supply is to be the projected reservoir of 
Hemet Valley, 20 miles above the town of San Jacinto, at an elevation 
of 4,300 feet. The south fork leaves the valley through a canon, only 
about 60 feet wide at the botto®, with walls of granite, vertical on one 
aide for 100 feet in height, and on the other sloping at a very steep 
angle. At a heightof 120 feet above the base, at the most favorable dam 
site, the width across the canon is but 200 feet, and at 150 feet, it is less 
than 300 feet. Granite of the best quality is at hand; sand, sht^rp 
and clean, may be had convenient; an abundance of pine timber is 
growing in the valley and on the hills all about the site, and water, whose 
power may be utilized for much of the work, is flowing in the stream. 
Taking all these convenient materials and facilities, and the character 
of the dam site into consideration, there are few localities in the State 
more favorable for the construction of a high-storage dam. The reser- 
voir basin is a capacious one, but not notably so, as the following table 
of contents, at successive levels, will indicate: 
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SAN DIEGO RIVER WORKS AND PROJECTS. 

The commanding position occupied by the works under constrnctbn 
by the San Diego Flume Company, their far-reaching design in accumu- 
lating from different sources the waters of distant streams, their costl- 
ness, the wide extent of the district commanded, and the fact that they 
terminate at the city of San Diego, which may receive its supply athi|h 
pressure on the summits of its greatest elevations, render them in maiy 
respects more imi>ortant to the prosperity of the region than any other. 

District arid worlcs, — As far as they have been outlined the worts 
consist of a storage reservoir on the headwaters of the Bowlder Cre^k 
tributary of the San Diego Eiver, a diverting dam of masonry in tie 
river proper, and a line of flume 36 miles in length — skirting the caiioi's 
side for 21 miles, then circling south of the valley of El Oajon, aid 
finally emerging upon the mesa 10 miles east of the city of San Die^. 
Tlie plans of the company contemplate the diversion of the headwatcs 
of the Tia Juana and Sweetwater Rivers on the south, and the Sm 
Dieguito on the north, into the head of the main flume, the construe 
tion of various additional storage reservoirs in the mountains, and a 
distributary reservoir at the end of the flume, the development of trib- 
utaries of the San Diego by tunnels under their beds and gathering 
them into the main conduit by smaller lateral flumes, and the distribu- 
tion of the water from the end of the main flume by pipe lines over the 
mesa. 

Storage reservoir. — The main dependence of the works for a summer 
and fall supply is at present the Ouyamaca reservoir, located 43 miles 
northeast of San Diego in the Ouyamaca Mountains, at an altitude of 
4,500 feet. The water-shed of this reservoir is about 15 square miles 
in area, draining two of the highest peaks of the range. The reservoir 
is formed by an earthen dam 635 feet long on top, 40 feet in height, 
thrown across the outlet of a broad, flat mountain valley. From the 
eastern rim of the water-shed the country drops abruptly into the 
desert. The hills on this side are low and barren. The two Guyamaca 
peaks on the west are clothed with forests of pine and oak. 

Guyamaca dam. — The site of the dam was one which had all the sur- 
face indications of solid rock. The whole surface was covered with 
loose granite bowlders, and before sinking test pits, preparations and 
plans had been made for building a masonry dam. The excavation for 
foundation developed a bed of clay instead of bed-rock as anticipated, 
and an abundance of good clay being found in the immediate neighbor- 
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hood, the plans were changed and an earth-work dam bnilt A pnddle 
trench was ent under the center of the embankment, and the clay fill- 
ing built up in layers. The embankment has a base of 115 feet, inside 
slope of two to one, outside slope of one and one-half to one, top width 
15 feet. The high- water mark is fixed at 5 feet below the top, at which 
point a waste-way 50 feet wide is placed on one side. The water-face 
of the dam is covered with stone riprap laid, dry, 8 inches in thickness. 

The outlet culvert is of masonry 3J feet wide by 4 feet 6 inches high 
inside, 120 feet long, its bottom placed at the level of the original sur- 
face with a fall of 3 1 feet in its length. At the upper end it opens into 
the base of a circular brick tower 8 feet in diameter outside, 5 feet in 
diameter inside, and carried to the level of the top of the dam. This 
tower is provided with two gates of wood, closing openings 3 feet wide 
by 4 feet 6 inches high. The lowest opening is at the bottom of the 
tower, the second 15 feet 9 inches higher, immedijitely above the lower. 
These gates slide up and down in wooden grooves, and as they are to 
be moved by chains or ropes, are not convenient, particularly when 
they are to be closed quickly under pressure. An iron gate is provided 
inside the tower to close the head of the outlet culvert. 

Diversion and delivery works. — The diversion is made from the San 
Diego River about 31 miles from its mouth, at an elevation of about 800 
feet above sea-level, and where the stream, falling at the rate of about 
30 feet per mile, is in an open canon flanked by barren mountain slopes 
rugged and steep. 

San Diego diverting dam, — The diverting dam is built of masonry of 
of the following dimensions : Maximum height, 34.5 feet ; length, 447.5 
feet; width at top, 5 feet; up stream batter, IJ feet in 20 feet; back 
batter, 7 feet in 20; width at base, 18 feet. The dam contains 4,000 
cubic yards of masonry, and required 2,410 barrels of cement. The 
average depth of excavation in the bowlders that formed the bed of the 
stream was 10 to 12 feet, and the foundation rests upon the soft, dis- 
integrating granite, forming the bed rock of the country. This mate- 
rial may be readily cut with the pick and crumbles on exposure to air. 
After the dam was completed and tested, the leakage was considered 
excessive, and the upper face was again stripped to the foundation, and 
an apron of masonry 2 feet thick was sunk to a depth of some 6 feet 
lower than the original base. The wall was then repoiuted and par- 
tially plastered on the face. The top of the dam is at an altitude of 813.5 
feet. In alignment the dam has an angle in the center whose apex is 
pointed up-stream. Otherwise the structure is straight, depending upon 
the weight of its mass for stability. 

The head of the flume passes through the wall with wooden gates to 
control the water. The level of the flume-bed is 9 feet below the top of 
the dam, or 4 feet below the overflow weir. The main waste- weir is 210 
feet long, with a secondary weir 20 feet long. The floor of these weirs 
is of pine plank spiked to timbers that are bolted to the masonry. In 
addition to the overflow waste-weirs, there are two culverts passing 
through the dam for draining the basin above. One of these is 2.5 feet 
square, 7 feet below the grade of the flume, the other 3 feet square, 8 
feet lower than the first. 

Main conduit; flume line. — The flume is set on a bed cut in the mount- 
ain side, except where it is supported on trestling. All fills are made 
with loose rock laid with some care on the outer face. Its total length 
is 36 miles. The grade is 4.75 feet per mile. 

Tunnels. — There are eight tunuels upon the work, lined with masonry 
on the sidesy timbered overhead, except in solid rock, and plastered 
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with cement on bottom and sides, of a Itotal length of 4,1(58 feet. The. 
tunnels are finished 6 feet wide by 6 feet 1 inch high in the clear. In 
loose material the sides are walled up with masonry 12 inches thick to 
a height of 4 feet, on top of which rests timbering, 6 by 8 inches, with 
lagging of 3 inch plank ; the bottom and sides being finished smoothly 
with cement. 

Flume. — The flame is made in rectangular form, 5 feet 10 inches wide 
by 3 ieet 10 inches deep, in the clear. The bottom and sides are of 
2 inch redwood plank, planed on the inside. The frames, placed at in- 
tervals of 4 feet, consist of a sill 4 by 6 inches by 12 feet, two posts 4 by 
4 inches by 4 feet, and two diagonal braces 2 by 4 inches, 3 feet 3 inches 
• long. The substructure where it rests on the ground consists of mud- 
sills of redwood, 2 by 12 inches by 9 feet, two stringers 4 by 6 inches, 
one under each side of the flume box, and a block 8 inches long sap- 
porting the sill in the center. Where on trestle, the sills of the flame 
rest on three longitudinal stringers, two of which are 4 by 12 inches, and 
one in center 6 by 12 inches. The trestle bents are placed 16 feet apart, 
and for trestles up to 20 feet in height, consist of two posts 8 by 8 inches 
set on a batter of one to six, a cap 8 by 8 inches by 6 feet, a sill 8 by 8 
inches of proper length, and two diagonal sway braces 2 by 10 inches. 
For higher trestles, more posts are introduced, and trussed bridges 
carry the flume over the deepest gorges that are crossed. Ten million 
feet of timber will be consumed in the structure. The flume has a 
theoretical capacity when filled within 3 inches of the top of 110 cubic 
feet per second, or about 5,500 miner's inches. The flume for its fall 
length of 36.6 miles is now carrying water, with sideboards 16 inches 
high; the remaining boards for full completion are to be added later. 

Distribution system ; pipes and reservoir. — From the end of the flume 
to San Diiego the main pipe line will be 9 miles in length to the top of 
the mesa overlooking the city. A branch pipe 1 mile in length will de- 
liver surplus water to a reservoir to be constructed for storing the un- 
used delivery. A main 4 miles long will be required to tap this reservoir 
and join the through line below. This reservoir is called the city res- 
ervoir, and will have a capacity of 761,000,000 gallons, covering an area 
of 100 acres. It will be formed by a masonry dam 50 feet high, located 
in a narrow gorge through blue trap rock, whose width at a height of 
30 feet is but 50 feet. Its elevation above sea-level is 460 feet at the 
base. 

BEAR VALLEY LAND AND WATER COMPANY'S WORKS. 

Bear Valley and Bear Creek. — Immediately north of the San Ber- 
nardino Peak and Grayback Mountain, extending in an easterly and 
westerly direction, at at elevation from 4,500 to 5,000 feet, lies the valley 
of the upper Santa Ana Eiver. Overlooking this and bordering it on 
the north is a long rugged mountain ridge, whose crest-line holds 7,200 
to 7,700 feet of altitude. Next north of this, with its axis in the same 
direction and about 4J miles from the main mountains on the south, we 
find Bear Valley, a remarkably large and flat mountain basin, about 
6,200 to 6,300 feet above the sea, and 21 miles in a straight line from 
San Bernardino. 

Storage reservoir. — ^This valley has the appearance of once having 
held a lake whose waters, at an elevation of 125 feet above its bottom, 
overflowed at the east end into the head of a canon which leads away 
into the Colorado desert. Now, however, we find a deep and narrow 
rock-bound gorge leading out of its other extremity, and, cutting south- 
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erly aronnd the west end of the Central Mountain ridge, before men- 
tioned, joining the caSon of the Santa Ana River about 10 miles above 
its outlet into San Bernardino Valley. This gorge holds Bear Creek, 
at whose point of departure from the valley a dam has been built^ 
whereby the basin has been made, or remade, a lake. 

The bottom plane of the valley is 12 miles long, and varies between 
a few hundred yards and a mile in width. Its lower end was narrow 
and rock-bound ; then, a couple of miles or more above the dam site, it 
opened out into a couple of beautiful meadows, whose level plains, 700 
to 800 acres in area, were 30 to 45 feet above the outlet; and at the 
upx>er end of the valley is another such flat, covering about 800 acres, 
and 20 to 30 feet still higher. At 60 feet of elevation above the base of 
the dam a water-plane would reach 6.9 miles up the valley and have an 
average width of .6 of a mile, covering 2,252 acres in area. At 120 
feet of elevation the length would be 11.5 miles, the mean width 1.1 
miles, and the area submerged 7,850 acres. 

Water-shed and precipitation. — ^The water-shed tributary to this valley 
is 40 to 45 square miles in area. On the south lies the central ridge al- 
ready described, and heavijy timbered on its slope towards Bear Valley. 
North and west is a well-timbered, but not abrupt, mountain 1,000 to 
1,500 feet above the valley. Northeast are rolling hills, 500 to 700 feet 
above the valley, and sparsely timbered; while the east end is closed 
in from the de«ert slope by a comparatively barren range of hills, whose 
altitude ranges from 200 to 500 feet above the valley. 

The rock of the country is, for the most part, granite, of which hnge 
bowlders and massive ledges crop out around the slope, particularly 
near the western end. Limestone is found near the eastern end, and 
some good lime has been there burned. Although the country is much 
broken and shattered in its rock formation, there is a good layer of soil 
over most of it, and the bottom of the valley itself is well clothed in this 
respect, as attested by the rich meadows which ordinarily remain moist 
and green the year round — receiving little streams from the wooded 
hillsides, and having some springs along their margins. Jt was feared 
in some quarters that the reservoir would not hold water — that it would 
esciape in enormous quantities through the rock rifts and seams. But 
this fear has proven groundless. 

Bear Valley is in the midst of the heaviest down-pour belt in southern 
California. The clouds collect aronnd^nd bank up against the high 
peaks of San Bernardino and Grayback, and spread over into the Bear 
Valley water-shed. Holding so great an altitude, its precipitation is 
largely received in the form of snow, which in the wooded and shaded 
portions of its sides lies for several months. The data of local rain-fall 
will be given in a division of this report devoted to water supply in 
southern California. 

Bear Valley dam. — The dam is at the extreme western end of the val- 
ley, at the head of the narrow, rock-bound gorge, which droi)S rapidly 
away. Founded on granite, where the channel was 60 to 75 feet wide, 
and abutting against granitic mountain sides, at the top line it is about 
300 feet in length, in the form of an arch, having a radius of 335 feet; 
and it is G4 feet in height from extreme base to top of coping. 

In cross section it is remarkable. The top is but 3 to 3.2 feet wide ; 
the lower face vertical for 48 feet, and the upper face battered so that 
48 feet down the structure is 8.5 feet thick. At this plane there is an 
ofGset up and down stream — the dam increases in thickness to 12 or 13 
feet — and thence has a slight batter on both faces, so that at the extreme 
foundation it has a thickness of 20 feet. 
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This stractnre is of granite, rough ashlar masonry on both faces, and 
broken coursed rubble in the interior, all laid in a cement mortar and 
grouting. The square stones show dimensions ranging from 3 to 5 feet 
in length, IJ to 2| feet in width, and 1 to 2 feet in thickness, with others, 
of course, smaller. Its total volume is about 3,300 or 3,400 cubic yards. 

At the time construction commenced, in the fall of 1883, there was no 
water running out of the valley, and but little was encountered in sink- 
ing 3 or 4 feet for the dam foundation, so that small difficulty was had 
in this work. That season the wall was brought up to the level of the 
bench, 16 feet above the extreme foundation plane, for about half of its 
length. It was desired to make some show of impounding water the 
first year and to test the water-producing capacity of the shed ; so a 
temporary earthen dam was put across the valley just below the wide 
marshes, about 2 miles above the main dam site. This embankment 
was 5 tu 6 feet high and was calculated to bank water over 500 to COO 
acres to an average depth of 3 or 4 feet. The move was quite a fortunate 
one, for the water thus held back during the winter of 1883-'84 furnished 
a supply, which, being gradually let out from this temporary reservoir, 
during the summer, enabled the constructors to keep a lake surface of 
sufficient depth and extent behind the new wall to afford, by means of 
flat-boats, an economical way of transporting stone from the quarries. 

The rock was quarried from the outcropping masses of granite along 
the edge of the valley and near the level of the proposed lake, from 100 
yards to three-quarters of a mile above the dam-site. That for the first 
season's work was obtained near at hand and delivered on sleds, but that 
for the second season's work, comprising the great mass of the dam, 
was transported on flats and put into the work by means of derricks on 
large rafts floated close against the upper face of the wall. 

At the north end the dam foundation was cut into the loose, sloping 
mountain side, to abed-rock base. Thesouth end abuts against a mass- 
ive, nearly perpendicular ledge or point of granite standing near 100 
feet out into the canon. This point in reality forms a part of the dam. 
Over it a flood escape- way has been cut 20 feet in width, and with a 
plane 8.5 feet below the level of the extreme crest of the dam coping. 

Through the bed-rock immediately below the foundation plane, about 
one-third of the length of the structure from the southern end, about 
9.5 feet above its extreme bas^ plane, is a cutting which forms a cul- 
vert 3 by 3.5 feet in aperture, opening out below into a masonry pool, 
from which it was expected to measure the water over a weir. This cul- 
vert gradually becomes narrower towards the upper end. On the upper 
face of the structure the culvert is closed with masonry to a gate open- 
ing of 20 by 24 inches, over which is an iron sliding gate on brass bear- 
ings, worked by a screw at the top of an iron rod, which extends up 
through the water in a 6-inch lapwelded pipe, serving as a guide, to a 
wooden platform built out from the coping of the dam. Subsequently 
this culvert opening was lined ov^er a movable mold with concrete, so 
that the opening is now 2 feet by 3 feet, with an arched top. There is 
no gate tower; no provision for drawing water at less pressure; no 
safeguard or regulator on the one outlet provided other than the one 
gate. 

In the matter of abutment, the dam for about 20 to 30 feet at each side 
is gradually made thicker, so that it rests against the rock of the country 
at i.5 to 2.2 times its normal thickness. The coping stones are 3 feet long, 
generally IJ feet thick, and 2 to 2 J feet wide, resting lengthwise across 
the top of the structure. The finish work and coping stones have not 
been put on for the full length, so that for more than half the length 
the top is 3 to 4 feet below the intended plane of completion. ^ 
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The first year after construction, witb the water plane at 40 to 45 feet, 
there was a litile leakage at the south end, near or under the base, which 
it is claimed came through rifts through the granite point against which 
the structure there rests ; and there was a remarkably free sweating and 
efflorescence of lime on the lower face over the whole structure, nearly 
up to the water-line. It is understood that the sweating phenomenon 
has now to a great extent ceased. There has been some expansive 
movement to the structure — attested by the reported factthat the cope 
stones which do not extend all the way across show a separation at some 
of the joints, to be accounted for only as the result of expansion and 
subsequent contraction. Otherwise the scructure appears to rest just 
as placed, and thus far serves its purpose; the water having been for a 
time within a foot of the finished part of its top, and having constantly 
stood well up on it for a considerable period, as hereinafter written. 

The company, desirous of securing greater reservoir capacity, has in 
contemplation an enlargement of this work. Indeed, it is proposed to 
l>rovide for storage to the lOOfoot plane above the present foilndation, 
which, successfully and permanently done, would make this a truly no- 
table reservoir and very valuable property. There have been no plans 
or definite ideas, even, as yet put forward for the enlarged work. En- 
gineers familiar with such construction will see that, under the circum- 
stances, it is a problem not without much embarrassment and grave 
responsibility. 

Reservoir space and water-supply. — The reservoir site was surveyed 
preliminarily by the State engineering department in 1880, and it was 
reported that a dam 45 feet in height would impound water over an area 
of about 1,500 acres, to a volume of about 650,000,000 cubic feet, and that 
a dam 60 feet in height would create a reservoir space about 2^300 acre^ 
in area, and about 1,850,000,000 cubic feet in volume. The dam subse- 
quently built is not exactly at the location where the section of 1880 
was made, so that the figures of the latter and more detailed survey 
made by the Bear Valley Company do not tally precisely with those of 
the preliminary reconnaissance, but they are close enough to prove each 
substantially correct. 

At different elevations of the water plane the areas of reservoir sur- 
face and capacities of reservoir space are as follows: 
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PBOJECTS OP THE NORTH POUDBE LAND AND CANAL COMPANY. 

The superintendent, Mr. J. 0. Ulrich, states : Our principal work is 
developing some reservoirs on the canal line up on the plains, located 
40 miles north of Fort Collins. There are natural depressions on the 
plains, and we make a cut from those natural depressions ; then a pipe 
is put in the cut and " fills'' are built which will retain the water that 
is afterward drawn off to irrigate the land. The object is to store the 
excess and use the same when the need requires. They are to be filled 
when the rivers ate high, and the amount of water used by other ditches 
is small. At present we have four reservoirs constructed, with ao 
aggregate capacity of 175,000,000 cubic feet. When the system is com- 
pleted, we expect to serve probably seven or eight times as much as 
we can at present irrigate. The North Poudre Land and Canal Coai- 
pany's Canal is about 25 miles in length. It is 16 feet wide on the bot- 
tom, with an average depth of about 4 feet. It has a grade of about 2 J 
feet to the mile on the first 7 miles and 4 feet on the rest of it, on the 
lower division. We estimate that it will carry about 300 cnbic feet per 
second. The first 7 miles are in the mountains or foot-hills, and after 
getting out on the plains we strike the land which we expect to irri- 
gate. One has an area of about 100 acres and a depth of 14 feet. 
The next reservoir brings two ^' fills'^ together, containing each about 
35 acres, about 9 feet deep. The third contains 100 acres 26 feet deep. 
That is as far as we have completed the system at present. Then, be- 
low the last one I have mentioned (south of it), is a chain of proposed 
reservoirs, aggregating sometliing like 2,500 acres. The total cost of 
this ditch was about $175,000. It will take about $50,000 to complete 
the reservoirs. By an expenditure of $50,000 we increase seven or 
eight fold the capacity of a ditch that cost $175,000. 

Dam at head of North Poudre Canal. — This dam is 30 feet 6 inches 
Jiigh in the center, and 150 feet broad at the top, and is formed in two 
parts. The face, which gives the necessary stability agaiust floods, con- 
sists of crib- work and stones 5 the back, which renders the dam water- 
tight, is a vertical panel, or diaphragm of timber, backed with earth, 
small stones, gravel and mud, thrown in without puddling. The crib- 
work is formed of round logs 10 inches, at least, in diameter, joined at 
ends, as in ordinary log huts, with dove-tail or tongue joints. The cribs 
are 10 feet long on the face, and are fastened together with 18-inch tree- 
nails, 2 inches in diameter. The cribs are radiated to form, when laid 
close together across the stream, curved ties of 200 feet, 216 feet, and 
232 feet radius on the face. There are three of these tiers 6 feet asun- 
€ler. The interior of these cribs, and the spaces between the stones, 
and the interior surfaces, are faced with large selected blocks of stone, 
carefully laid so as to overlap each other like slates or tiles of a house, 
and without mortar. The arrises are protected by 12-inch square balks, 
securely bolted to the cribs. The timber diaphragm is carried 4 feet 
higher than the cribs and stone- work of the tallest tier, to form a slash- 
board, which can be removed in sections in case it is found liable to be 
damaged by ice. The center portion of the dam for a length of 60 feet 
is carried 2 feet higher than the sides, to throw the bulk of the stream 
onto natural benches of solid quartz rocks on the sides, and thereby to 
protect the greater part of fiice, and especially the toe in the center 
of the stream, from the abrading power of the water. 

The total cost of this dam was $7,250. The darn was founded on stone 
and d6bris, the depth of which had not been sounded, but it was hoped 
that the clay thrown in the b^ck of the dam, combiued with tho silting 
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np of the river, would have the effect of stoppiDg'the flow of the wat 
and the result justified the expectation. This dam is not intended 
storage purposes, but is simply a weir for raising the water high enou 
to enter the flumes and tunnels. The canal regulators are ordim 
8lui6es, inserted in the flumes about 100 feet below the dam. 

The objections that are urged against timbers being used are met 
the fact that the massive stone, or masonry in cement, which woi 
have beenrequisite to secure the mass of material used, would havebt 
too costly. The cost, $7,250, was very low for a weir 144 feet long, I 
the foundations were not n.ecessarily extensive, and the source of sup] 
of stone and timber was at hand. 

Montezuma Valley^ in southwest Colorado, is the seat of a great ii 
gation enterprise. It is described as follows : The valley is about 
miles long, running from northeast to southwest, and is nearly 10 mi 
wide. The water is to be taken out of the Dolores Eiver at the nor 
east end of the valley. The State has located about 26,000 acres 
land in the valley, and probably about 10,000 or 15,000 acres have b( 
located by actual settlers, leaving between 50,000 and 100,000 acres ; 
unclai med. The locations are principally at the upper end of the valli 
' near the tunnel. 

The Grand Eiver canal, in western Colorado, has a width at the b 
torn of 35 feet, on the top of 50 feet, and a depth of 5 feet for the fi 
10 miles. The size then diminishes until for the last 2J miles the wit 
is 16 feet on the bottom, and the depth 3 feet. The grade is .035 ] 
hundred, or a little over 22 inches to the mile. The banks are givei 
slope of IJ to 1, are 3 feet wide on top and 2 feet above the water s 
face. There are several drops, one of 6 feet, one of 13 teet, and one 
35 feet, while down the valley about 14 miles ttiere is a final fall 
about 14 feet. Just above the second fall a lateral canal has b^^en c 
ried out on the upper level, a distance of 17 miles down the valley, c 
rying 3 feet of water. The location of the head is so favorable tha 
full head of water can be taken ont of the river at its lowest stage 
supply, so that water in this canal, in consequence of the volume ri 
ning in winter season, can be in operation the year around, a fact v( 
important in Grand Valley, where it is assumed that late irrigation \i 
be advisable and early irrigation a necessity for the germination 
seed. The flumes, head-gate and waste-weiis have been built in t 
most substantial manner. 

KANSAS AND THE UPPER ARKANSAS VALLEY "UNDERFLOW." 

From records kept at Dodge City during the last eighteen years, a 
fcom information gathered from other reliable sources, we believe it 
safe to depend on an abundant supply of water for irrigation in 1 
Arkansas Valley in at least seven years out of ten. If these same < 
matic conditions are to be looked for in the future, would it not be w 
to make some provision for these three years of drought ? Manifes 
so, if the conditions are preSent which will render such a provision p 
sible. Various methods of utilizing the underflow of the Arkani 
Eiver to supply the irrigating ditches with water, which the river fai 
to furnish during seasons of deficiency in precipitation, have been c 
cussed. That the supply of water is inexhaustible has been frequen 
demonstrated by pumping water from wells located in the valley. 1 
two most noted experiments were made last year at the wells wh 
supply the water-works at Dodge City and at Garden City. Th 
wells are 22 feet and 19 feet in diameter, respectively, and about 20 f 
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deep ; the water rises to within 4 feet of the surface of the ground* 
Over 1,000,000 gallons have been pumped out of the Dodge City well in 
a single day without lowering the water to any appreciable extent At 
the Garden City well the water- works pump, with a capacity of 600 
gallons per minute, and a Huffer irrigation pump, with a capacity of 
500 gallons per minute, were both worked to their utmost limit for a 
period of four hours without lowering the water in the well. Numerous 
other experiments of a similar nature have been made. 

The South Dodge Canal Company was organized last year with a 
capital of $260,000. The officers of the company are E. E. Soule, presi- 
dent, G. G. Gilbert, vice-president, and J. W. Gilbert, secretary. This 
company has secured the right of way for 35 miles of irrigating ditch 
on the south side of the Arkansas Kiver. Fifteen miles of the ditch 
have already been completed. It will be known as the South Dodge 
Canal. Nearly 100,000 acres of valuable lands may be irrigated by tins 
canal. The ditch extends from Howell Station, 8 miles west of Dodge 
City, to Ford City, a distance of about 36 miles. The original survey 
provides for taking water irom the Arkansas Eiver at the south bank, 
opposite Howell Station. It is at the head of the South Dodge Canal 
that the experiments are being conducted for securing a flow of water 
in an open channel from a reservoir to which the water is supplied by 
the underflow of the Arkansas Valley. 

The reservoir, or head of the canal, is located about 60 rods from the 
river bank. At a point If mile from the head the ditch was built 
exactly at grade — i. ^., the bottom of the ditch is on a level with the 
surface of the ground, the bank of the canal being levees about 
8 feet high. Commencing at the grade point the excavation of 
the upper end of t^ ditch was begun, due allowance being made for 
the proper fall. At a distance of about half a mile the water-bearing 
stratum of sand was reached, the bottom of the ditch at that point being 
about 4 feet below grade. After reaching this sand the soil was then 
stripped oflTto the head of the ditch, the work all being done by teams 
and scrapers. The ditch, at a point 2,000 feet from its head, is 30 feet 
wide at the surface of the ground. This increases to GO feet at the 
head of the ditch. For this entire distance of 2,000 feet both sides of 
the ditch are protected by sheet-piling. 

The company did not expect to secure a flow of water at this stage of 
the excavation, but contrary to their expectations the water began to 
accumulate and run in a strong current down the ditch and in such a 
quantity that it was necessary to put in a head gate and out-off at the 
grade point If miles from the head of the reservoir. The flow extended 
over 8 miles, and as far as the ditch had been completed at that time. 
Since the head-gate and cut-off' have been put in no water is allowed to 
pass below it in the ditch, but is turned off' at the side of the ditch and 
runs in an open channel to the river, which at that point is about 100 
yards from the ditch. The writer measured the flow of water at the 
l>oint where it falls over the river bank, and found the stream to be 4J 
feet wide and 13 inches deep. It will be^remembered that this result 
has been obtained without any reservoir yet being constructed. 

The head of the ditch, as before described, will constitute the reser- 
voir, and will be 60 feet wide at the upper end, 30 feet at the lower, and 
2,000 feet in length. The sand will be excavated by a dredgingmachine, 
which was placed in position on Saturday, February 1. 

Owing to the extreme cold weather which has prevailed during a 
greater part of that month the work of excavating the reservoir pro- 
gressed very slowly. Over 200 feet was completed by^he 7th instant 
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The excavation wad began at the npper end. Two dredging-machines 
are in operation, and if the weather is favorable the work will be com- 
pleted by the 25th of this month. The flow of water has increased 
largely, and is now fully 2.000 gallons per minnte. If the water con- 
tinaes to rise to the same height at which it has been found impossible 
to reduce it in small wells by pumping, the profile and survey of the 
ditch provides for a stream of water 5 feet in depth at the grade point 
before mentioned. The managers feel confident that this supply can 
be secured. 

As an experiment, the work has been a complete success ; the water 
will, and does, flow in an open channel from the underflow of the Ar- 
kansas Valley ; the channel does not fill with sand, and manifests no 
disposition to do so. 

The Gilbert Bros, have had the general management of the construct- 
ing of these ditches. On the 7th the Eureka Ditch, 96 milea in length, 
was full of water, besides over fifty storage reservoirs of from 5 to 40 
acres in area. The Dodge City Canal and the Eureka Ditch will both 
be furnished with reservoirs for supplying water from the underflow 
of the Arkansas Eiver this season.* 

PROPOSED UriLIZATION OF THE SIERRA LAKES. 

In western Nevada the use as reservoirs of the Sierra Lakes, etc., 
has been projected on a massive scale. Without indorsement the out- 
lined plans are presented. In surveying Donner Lake and the valley an 
elevation of 20 feet above the present lake is obtained. This will make 
a reservoir of over 5 square miles, with an average depth of 40 feet, hold- 
ing an estimated volume of 5,575,680,000 cubic feet of water in a nat- 
ural lapd-locked basin. The elevation is 5,885 feet above sea level. 

The outlet will be by a high-line canal along the benches on the north 
side of Truckee to the plateaus north and northeast of the place and to 
the east of Boca and Verdi, crossing Prosser Creek and the Little 
Truckee Eiver. There can be selected reservoirs at that point in which 
water enough can be stored to fill Dog Valley. This will ultimately 
become available for the valleys and plateaus north and east of Eeno. 
A dam across the Truckee Eiver about 1 mile above the Central Pacific 
depot is also located to make a reservoir 3 miles in length along the 
Truckee Valley. The outlet from this reservoir will be on the south 
side of the Truckee Eiver, along the benches and high foot-hills south 
of Truckee City, p-round the Marquis plateau and meadows into Marquis 
Creek, which flows into the Truckee Eiver near Boca, about 10 miles 
below Truckee. This canal through Truckee and along the hill-sides 
may also aflbrd an excellent water-power for mills, etc., for a mile or 
more before being used on the plateaus, and again entering the Truckee 
Eiver pffer an ample supply for Truckee meadows, or it can be carried 
by af higher-line canal to and around the Washoe Basin here in western 
Kevada. 

This dam, with the reservoir it will create in the Truckee, taken in 
connection with Lake Donner, will store, the two together, nearly or 
quite 6,000,000,000 cubic feet ; quite sufficient for the supply of all 
lands now under ditch or available therefor j as well as the reclama- 
tion of at least 1,000,000 acres more. Lake Tahoe, by a dam at its out- 
let near Tahoe City, can readily be raised 8 feet. It has a drainage basin 
tributary to its supply of at least 5,000 square miles. Lake Tahoe 

* Date of March, 1890. ^ . 
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should be held in reserve — the great storage reservoir which will meet 
extraordinary needs. Over one-third of its area is within the boundary- 
lines of Nevada. A tunnel has been proposed to lead into the Carson 
Valley, by which the water thus stored can be drawn from its depths, 
at least 1,000 feet below its surface. Three lines across the Sierras 
between Lake Tahoe and Carson Valley have been run, the best being 
near the southeast x>ortion of lake Tahoe and the head of Carson Val- 
ley, all in the State of Nevada, locating a tunnel 10 by 10 feet, with a 
crown of 2 feet in center. The open cut from Lake Tahoe to the en- 
trance of the tunnel will be 4,200 feet; the length of tunnel 17,331 feet, 
or 3.45 miles, the cut and tunnel having a grade of 2 feet per mile. The 
exit of the tunnel on the Carson Valley or east side is to be 1,500 feet 
above the valley. 

Th^ output of this tunnel can be carried both north and south along 
the foot-hills and carried to any portion of the upper Carson Valley, 
and thence into the Carson Biver. In addition to the great benefit to 
be derived from the placing of this water ux>on the Carson Valley lands, 
a magnificent water power can be secured and utilized along the east 
side of these mountains, and dynamos charged so that this x>ower can 
be transmitted to Carson and Empire where the Virginia City mills are 
located, and the water used over again in Douglas, Ormsby, Washoe, 
Lyon, and Churchill Counties, all of them in Nevada. It is a perfectly 
feasible and not an expensive project either. A dam will have to he 
located also at the outlet of Lake Tahoe on the west side at Tahoe 
City to raise the lake 8 feet. The inlet to the canal and tunnel is 
located so as to receive 20 feet depth o% water at high-water mark. 
This will give 200 square miles of surface water 20 feet deep, equal to 
111,513,600,000 cubic feet. The lake will never be more than 12 feet 
lower than the present height. This grand reserve reservoir can be 
turned either into the Carson or Truckee basins. The elevation is 
6,200 feet. 

Hope Valley, at the head of the West Fork of the Carson, is found to 
be an admirable location for a large reservoir. By making a dam 150 
feet high a surface area of not less than 5 square miles with an aver- 
age depth of 50 feet can be secured. This dam we located at the foot 
of the Carson Valley and at the head of Hope Cafion, which has a 
granite ledge on both sides. For the first 100 feet in height it hasa 
narrow gorge of 200 feet at bottom and 800 feet in width at top, with 
rock benches about 500 feet on either side above the first 100 feet 
This is a land-locked valley about 5 miles in length, an average of 1 
mile in width, 7,658 feet above the sea, and will hold 6,969,600,000 
cubic feet of water, with average depth of 50 feet. This reservoir will 
require two outlets to be cut in rock on both sides, and the water can 
be then turned into the river below. This is the West Fork of the 
Carson River. It would conduct the water 6 miles down Hope Oafion 
to a diverting dam to be located about 1 mile above the mouth of the 
canon, where a canal on the left or north side of the river would con- 
duct the amount of water required along the foothills at the base of the 
mountain and north of the canon at any desired height as far north as 
Sheridan or Genoa, and distribute it then down the foot-hills and into 
the valley until it reaches the West Fork of the Carson River. From 
this same diverting dam, 1 mile above the mouth of Hope Cafion, on its 
right bank, another canal can be constructed along the right bank of 
the West Fork of the Carson River, with a sufficient grade to conduct 
any portion of this water from the Hope Valley Reservoir across Dia- 
mond Valley 2 miles in length ; this is located at the foot of Hope Canon, 
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with an elevation of 6,481 feet, then through Dutch Valley, with an 
elevation of 5,277 feet, and this also about 2 miles in lepgth ; thence 
into Long Valley, which ha« an elevation of 5,078 feet above the sea 
and about 200 feet above the head of Carson ValJey. There are already 
three ditches running from Hope GafLon and conveying water tbrough 
Diamond Valley to Dutch Valley, whose natural drainage is into Long 
Valley. One of these ditches can be enlarged into a canal, and the flood 
and natural water from the West Fork of the Carson can be secured to 
Long Valley, which is a good, natural, safe location for a grand receiv- 
ing reservoir; all outside of any river channel. 

With a dam 100 feet in height at a narrow neck of Long Valley about 
1 mOe above the head of Carson Valley nearly or quite 4 square miles 
of surface water with an average depth of 50 feet can be obtained. This 
will give 6,625,680,000 cubic feet of water f9r distribution by a canal on 
the east side of the Carson Valley, which will supply not only the Em- 
pire Mills, but also all that the 100,000 acres of land on the east side of 
the Carson River (that now has no water for irrigation) may require. A 
canal from the left side of this dam out on the benches at the head of 
the Carson Valley may be supplied from this same source. The east or 
main fork of the Carson River runs almost parallel with Long Valley 
for the 3 miles east before debouching into the Carson Valley proper. 
At Horse Shoe Bend, a point about 2 miles from its mouth, there is a 
narrow saddle ridge, where with an overflow dam across the East Fork 
or main river can be turned through a tunnel or cut of about 1,000 feet 
in length. This will turn the water through a 10 by 10 feet tunnel or 
cut 10 feet wide at bottom and with its slopes of 1 to 1. 

Pleasant Valley, on the Middle Fork of the Carson, in Alpine County, 
Cal., 12 miles south of Hope Valley, which is about 3 miles in length 
and 1 mile in width, can be made from 40 to 50 feet in depth as a reser- 
voir, with a water-shed of 50 square miles, and it has good rocky flanks 
at the lower end of the valley. This location is 3 miles above Markle- . 
ville, Cal., and in it can be stored 3,345,408,000 cubic feet Qf water. 
Below this reservoir and above Markleville are the waters from Burn- 
side Lake, Hot Springs Creek, Charity Valley, and other mountain 
creeks. At Markleville, 18 miles above Long Valley, the East and Mid- 
dle Forks of the Carson unite, thus making the East Fork the main 
Carson River, so that by the diversion of the East Fork at Horse Shoe 
Bend, Long Valley can receive the water of all the branches of the 
Carson to its full or maximum capacity. Twelve miles above the junc- 
tion of the Main and East Forks of the Carson River Silver Creek joins 
the Bast Fork. Five miles farther southeast Wolf Creek empties into 
the East Fork. One mile above the mouth of Wolf Creek is a meadow, 
where from 1 to 2 square miles surface of water can be stored with a 
depth of 40 feet. Two miles above Wolf Creek, at Silver King Valley, 
on the East Fork of the Carson, another reservoir can be located with 
a water surface of 2 square miles. Now, all the above-named reservoir 
sites in Alpine County are above 6,000 feet elevation. Other sites have 
been examined, but found impracticable. The water-shed for the Car- 
son River and its branches is fully 1,000 square miles. 

At Wadsworth, Nev., 34 miles below Reno, the Truckee River turns 
north and sinks into Pyramid Lake, 15 miles from Wadsworth. At a 
point on the Truckee 5 miles west of Wadsworth an admirable location 
for a diverting dam is found, which can be built of stone in rocky blufifs 
116 feet higher than the water surface at the Wadsworth bridge. A 
dam and reservoir has also been located there, and our men are running 
levels for canals on either side of said river to conduct the water out 
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on the plateaas and benches north, east, northeast, and southeast from 
Wadsworth. The bridge, which is now 30 feet high, can be filled up, 
and a 10 by 10 feet outlet and canal pat in on each en^ of the bridge to 
guard against any possible flood or overflow or accident. This water 
can be extended along the benches if required. 

By storage of the flood waters at the head of the Carson and Truckee 
Basins and other water-sheds along the eastern slopes of the Sierras at 
least 500,000 acres of fertile lands in California and not less than 
2,500,000 acres of good arable lands in western Nevada can be reclaimed 
and cultivated ; all this in addition to the area now under cultivation. 
It will be seen that the aggregate amount of water in the reservoirs 
already selected is estimated at 133,229,968,000 cubic feet of water, and 
from the best information obtainable the reservoir can be filled annually 
from natural water-sheds. The demand for water in this State is at 
the rate of 1 cubic inch per acre, and is much in excess of that generally 
required in the State of California. The estimated amount for the 
reservoirs now located will furnish an acre-foot for 3,000,000 acres of 
land. I am convinced that we shall be able to find reservoir sites that 
will hold an amount sufficient for another 2,000,000 acres of land; that 
is, having an acre-foot of water for each acre. This will make 5,000,000 
acres that can be reclaimed in this division by the storage of water 
. sufficient therefor. The waters of the Truckee and Carson and auxiliary 
springs have been carefully gauged daily, giving the velocity and 
quantity and discharge in cubic feet per second. A sample of the 
gauging of the Truckee Elver at Essex above the ditches and canals is 
as follows : 
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velocity. 


Discharge. 
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22 
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Doer Creek 


6.89 
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June 21 


do 
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lEEIOATION ON THE BIO PECOS, NEW MEXICO. 

The Eio Pecos rises in the northern part of New Mexico, northeast 
Santa ¥6. 

It flows in a southeasterly direction to the neighborhood of Fort 
Sumner, and then a little east of south across the Territorial line into 
Texas, finally forming a junction with the Eio Grande. 

It is a mountain stream, subject to alternate flood and drought, untfl 
it reaches the neighborhood of Boswell, K Mex. 5 thence for 100 miles, 
in a due south line, it runs a tortuous course of probably 250 miles, re- 
ceiving at intervals large quantities of spring water. 

These springs generally flow into it along its bed, following the gen- 
eral limestone strata of the country. 

They represent the drainage from the eastern slopes of the Capitan, 
Sierra Blanca, Sacramento, and the Guadalupe Mountains, and the 
waters of the upper river which disappear below Fort Sumner. 

Careful measurements show that the permanent supply is sufficient 
to fill both of the canals now in course of construction, and calculated 
to carry 1,600 cubic feet per second, or 80,000 miner's inches. 
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The drainage area, or catch tneut basin of the Eio Pecos, within the 
Territory of New Mexico, and available for irrigation purposes, is 
approximately 20,000 square miles, at varying altitudes from 3,000 to 
11,000 feet, and extending across four degress of latitude from the thirty- 
second to the thirty-sixth parallel. 

The lands of the valley between Eoswell and the Territorial line sub- 
ject to irrigation are of the choicest limestone soil, and the total area 
between the foot-hills on the west and the river is nearly or quite 
1,000,000 acres. Of this fully 400,000 acres are below the level at which 
it is practicable to deliver water from the Pecos. 

The 40 miles of the Northern canal, now under contract, will cover 
about 75,000 acres of bottom and mesa land, and more than that area 
can be covered by extending the canal farther south. 

The Southern canal is much the larger one, and will irrigate more 
than 100,000 acres on the west side of the river, north of the Texas line, 
while there is practically unlimited area that can be made available, 
by extending south of that line. Several bodies of choice land can also 
be covered on the east side of the river if desirable. 

The Northern canal is being constructed 30 feet wide on the bottom^ 
with sides sloping IJ to 1 foot, and to carry water 5 feet deep, taking 
its supply from the Hondo, the principal tributary of the Rio Pecos, 
below the junction of the North Spring and Barenda Elvers, deriving 
its chief supply from permanent springs of great volume. Three miles 
from its head it crosses and receives the waters of the South Spring 
River, and is deepened to 6 feet to accommodate the increased supply 
at that point. These streams are all fed by permanent springs. 

The Southern canal was constructed a distance of 11 miles, with the 
capacity to irrigate 30,000 acres. It is being enlarged to 45 feet wide 
at bottom, 63 feet at the top, and 6 feet deep, and by careful computa- 
tioo-is intended to utilize all the available water of the river during 
the entire irrigating season. Its length within New Mexico will be 55 
miles. 

It is taken from the east side of the Eio Pecos a few miles below 
Seven Rivers. Although the waters of the Pecos are sometimes en- 
larged by floods, at the point where this canal is taken from the river, 
a dam 3 feet high, built at trifling expense, suffices to turn the water to 
fill the canal. It is controlled by head-gates, and the fall of the river 
is so great at that point that the rise does not exceed 6 feet — indeed, it 
never getsi out of its banks. The river is a succession of rapids, and 
the fall within 6 miles amounts to as much as 50 feet. Very much of 
the water can be utilized at the crossings of arroyos for water-power, 
and then be discharged so as to cover large areas of agricultural land, 
without any loss of water. The canals are secure from floods. On 
the Hondo the reservoir at the dam backs fully half a mile up-stream, 
making dead water, and giving perfect control. 
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BLANKS AND FORMS USED IN DITCH MANAOBBCBNT. 

[Korthem Colorado Irrigation Company, Denver, Colo.] 
BULBS FOR BMPLOTAs ON THE PLATTE CANAL. 

D. W. Payne, division saperintendent. 

DiviBion No. 1. 

This division of the canal commences afc and ends at - 



Yon are specially under the orders and directions of the engineer, and yon are to 
carry ont faithfnlly and promptly all his instmctions. You will frequently and 
closely examine every part of the canal in yonr division, and enter in your weekly 
report any remarks that yon may think necessary regarding the general condition of 
the works. Shoald there be a necessity for immediate attention to any part of the 
canal, report immediately on the telephone to the office, or if before 9 o'clock a. m.. 
or after 4 o'clock p. m. ring the number on the telephone for the engineer. Failing 
to get an answer m>m the engineer ring the manager's nnmber. 

Should a serious leak, or break, or overflow occur, ^oa will immediately make 
every effort to stop it, and to accomplish this yon may hire such assistance as may be 
necessary and close at hand. Open the nearest waste gates above the leak, or break, 
or overflow, and if necessary to have all the water shut out of the canal, telephone 
to Denver to any of the three calls thel«. Should the accident be one that yon can 
overcome without sreat difficulty, do not lose time by leaving it and trying to tele- 
phone, but get such assistance as may be nearest. If necessary, send or go to the 
nearest telephone and give notice to the engineer. 

All employ^ on the canal are required to promptly render assistance to each other 
whenever there^s any necessity for so doing. £ach division superintendent shall 
keep a daily record of the depth of water on the guage or gnages in his division, and 
will report the same to the engineer by telephone dauy. 

Each division superintendent shall provide himself with a suitable horse and cart, 
if such conveyance be required, and shall at all times carry with him a shovel^ ham- 
mer, nails, scre\^-driver, wrench, measuring rule, and telephone tools, all of which, 
except the horse and cart, and feed for horse, will be provided by the company. In 
addition to these tools, there should be on each division oakum and sacks, and divis- 
ion superintendents will promptly notify the engineer when additional supplies are 
needed. 

Expenses, — Except in cases of emergency, such as leaks, breaks, or overflows, or 
danger of any of these, no materials or tools shall be purchased or obtained on the 
credit of the company, except by the engineer or on his order, and no labor shall be 
employed except in emergencies as above stated, without first having the authority 
of the engineer. In all cases where laborers or mechanics are employed, t^e person 
in charge of the division where the work is being done shall keep a full and complete 
record of the time each person is employed and the wages to be paid, unless the 
engineer shall place some other person in charge of the work. 

AH payments for wages or hire of any kind and for material shall be made at the 
office of the company in Denver, and then only upon properly stated and certified 
accounts first approved by the president or manager. 

Care of property. --AW property of the company must be carefully watched and pro- 
tected on each division by the division superintendent, and he shall be responsible 
for locks, keys, gate-pins, tools, bolts, bars, or other effects. He shall report promptly 
to the engineer or manager all cases where the property of the company has in any 
way been tampered with or damaged, such as the cntting or breaking of gates or 
weirs, or interference in any way with the banks of the canal or flumes. He shall 
also report all cases where any damage has resnlted to the property of others by 
reason of overflow or breaks, or in any other way. 

Distribution of water. — Such water as may from time to time be in the canal shall 
be divided pro rata to all persons entitled thereto by reason of their ownership of 
water rights, and each person in charge of a division shall in the most impartial and 
careful manner turn water out of their respective gates in strict accordance with 
the directions ^iven from time to time by the engineer or from the manager's office, 
and under no circumstances is any person to be allowed to open a gate or in any way 
to obtain more water than the quantity stated in the directions. The gate on every 
outlet must at all times be kept locked and the division superintendent must at all 
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times carry the keys with him. He sh^ carefUUy inspect all sates, weirs, and out- 
lets every day to see if all oe in good order ; also to discover if the gates are being 
tampered with, and he shall measure and record every day the depth of water flow- 
ing over each weir, and enter the same in the reports prepared for such purpose. 
Look sharply for persons having duplicate keys. 

All outlets are to be kept free and clear of drift-wood and all other floating matter, 
and the gates should be frequently examined to see if there be a free flow under 
them; also that no wedges have been driven under them by persons trying to get 
more water. 

Do not accept the statement of any person about water ; all instructions pertain- 
ing thereto will be given on the telephone, or in writing, from the proper authority. 
Seport promptly the name of any person who offers any bribe or any inducement 
to get more water than is then being allowed under the directions giveh you. 

Whenever there is a rise in the water in the canal, not caused by floods from the 
prairie, the quantity running over the wem in the lateral ditches should not be al- 
lowed to increase by reason of the greater pressure on the outlets. The gates in the 
outlets should be partly closed down so as to give just the same depth of water over 
the weirs as was running before the rise, unless orders contrary to this have been 
given from proper authority. In almost every instance when more waste is taken 
into the canal from the river, the extra quantity is intended for the divisions at the 
end of the canal. When a sudden great rise occurs in the canal by reason of flood 
WAter from the prairies, caused by a storm, make haste to the water gates and^ open 
them, also let out at all the outlets in the canal as much water as the lateral ditches 
will fairly carry without overflowing or doing any damage. 

Whenever there are indications of a storm and a flood, the waste-gates should be 
opened before the flood comes. Good judgment and prompt action in emergencies of 
this kind will determine the efficiency and^arnestness of the employ^ in tne duties 
assigned to him. 

Whenever you see that water is being allowed to run to waste by any irrigator, 
reduce'the quantity running over the weir to the extent of such waste. If you see 
that a lateral ditch is broken, and the water is running to waste, shut off the water 
and notify the superintendent of the lateral or some person who is using water from 
it. Make a record of your action in every case of the two above kinds, and state the 
particulars in your weekly report. 

Note. — There must not be any absence from duty unless permission first be obtained 
from the engineer or manager. 

There must not be any scolding with, or rough language applied to, farmers or 
users of water. You can perform your duty better without this. If any one assaults 
you without just provocation the company will assist you in a prosecution. 

Any case of intoxication or any neglect of duty, or apparent indolence or indiffer- 
ence on the j[>art of an employ^ will be met with prompt dismissal. 

All reports must be carefully and accurately made, so that, if necessary, they can 
be sworn to. 

S. J. GiLMORE, Manager, 
George G. Anderson, Engineer. 

THE NORTHERN COLORADO IRRIGATION COMPANY. 

Becord of depths of water at the weir^ at the city limits of Denver, for the week ending 
Saturday, , 188—, at 6 o'clock p, m. 



Day. 



7 a. m., 
depth in 
inches. 



6 p.m., 
depth in 
inches. 



Average 

depth per 

day. 



Discharge 

in cnbic 

feet. 



Total 

quantity in 

gallons. 



Sunday 

Monday . . . 
Tuesday . . . 
"Wednesday 
Thursday.. 

Friday 

Saturday .. 



I certify that the depths of water entered above in the first two columns are true 
and correct. 



I certify that the depths given abo\->j in the first two columns and the average 
depths given in the third column show a total delivery of water for the week ending 
as above, of — ^ cubic feet, or the equivalent ot gallons. 
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Becord of depth of water on weira in third division for the week ending Saturday ^ Septem- 
ber 16, 1888. 



Outlet 
namber. 


SnndAj. 


Monday. 


Tuesday. 


Wednesday. 


Thursday. 


Friday. 
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1 certify that the depths of water entered above are true and correct. 

Thos. Evans, 
Division Superintendent. 



Becord of depths of water influmesy etc., for the week ending Saturday, 



18-. 



Sunday. 



Monday. 



Tuesday. 



Wednesday. 



Thursday. 



Friday. 



Saturday. 



Dam 

Cafion Flume . 
Plum Creek... 
Bennett Guloh 

Little Dry 

Cherry Creek . 
Section 1 Check. 
Dryer's Check . 



I certify that the depths of water entered above are as telephoned to me daily by 
the respective division men. 
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Beport of services performed during ipeek ending Saturday evening, , 18—, by 

Sunday, 

Monday, 

Tnesdayi 

Wednesday, 

Thoisday, 

Friday, 

Saturday, 

The Northern Colorado Irrifi^ation Company. Report of services performed by 
,*for week ending Saturday evening, , 18 — . 



[Fill in every evening, and not wait toend of week, when you may have forgotten v 
particulars.] 

Note.— This report may be made in pencil. It need not include all the little details 
of work, but should be sufficiently full to clearly indicate what was done each day. 
It should be sent by mail, or otherwise, at the first oppprtunity, to 

S. J. GiLMORE, 

Manager, Denver, Colo. 

BLANK WATER CONTRACT FORMS AS USED IN COLORADO. 

No. I. 

Know all men by these presents, that the Canal Company, a corpora- 
tion existing under the laws of the State of Colorado, of the first part, and 

, of the county of and State of Colorado, of the second part, for and in 

consideration of the sum of Z to be paid as hereinafter specified, and in consider- 
ation of the mutual covenants and agreements in this contract contained, to be per- 
formed and kept, the said company hereby agrees to carry and convey for the use of 

the second part — , statutory inches of water in and through the canal of said 

company, subject to the following terms and conditions, to which the said part — of 
the second part, heirs and assigns, hereby expressly agree: 

I. The said company agrees to carry and convey the said water in its said canal for 
the use and benefit of the said second part — , heirs or assigns, continuously dur- 
ing the Irrigating season, except as hereinafter provided, and at no other time, unless 
with the consent of said company thereto in writiug. 

II. Said water shall be used only for irrigating and domestic purposes on the follow- 
ing described tract of land, and none other, to wit: , and under n» circum- 
stances shall said water, or any portion thereof, be used for mining, milling, or me- 
chanical power, or for any other purpose not directly connected or incident to the 
purposes herein specified. 

III. Said company expressly reserves to itself the right to distribute the water 
from its said canal in accordance with such rights and priorities as are or may here- 
after be established or decreed ; and this contract is received by the part — of the 
second part subject to such priorities. 

IV. The said second part—, heirs or assigns, shall not permit said water, nor 

any portion thereof carried a^ aforcHaid, to run to waste, but as soon as a sufficient 
quantity shall have been ns^ for the purposes herein allowed and contracted for, 

the said second part—, heirs or assigns, shall shut off said water and keep the 

same shut and turned off until the same shall be again needed for the purposes afore- 
said. But in no case shall the amount of water taken or received by said second 
part—, heirs or assigns, exceed the quantity first herein referred to, and said com- 
pany hereby reserves the right at any timd to shut off the water herein mentioned 

whenever it shall find that the said part — of the second part wasting it or not 

using it in accordance with the agreements herein contained on the land above men- 
tion^. 

y . The said company shall deliver said water at such point or points along the line of 
said canal or dit<:h, or firom any of its reservoirs, laterals, either or all, as it may deter- 
mine to be the most practicable, and the manner of withdrawing and regulating 
the supply of said water fh>m said company's ditch and reservoirs snail be prescribed 
by said company, and shall at all times be under its control, as determined and di- 
rected by the said company. The head-sates, flumes, weirs, or other arrangements 
or devices, and all measuring boxes and devices through which the water hereby con- 
tracted to be carried shall be drawn and measured from said company's ditch or res- 
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erroira, shall be made and placed in position l>y the said company but at the cost of 
said second part — , who shall also be liable for the expense of keeping the same in 
good repair and condition ; and the said company may collect and ^enforce the pay- 
ment of all sums expended for said purposes in the same manner as prescribed for 
collecting and enforcing assessments. 

YI. The said first party agrees to keep and maintain said main canal or ditch and 
any and all of its reservoirs and laterals in good order and condition, and in case of 
accident to the same, to repair the injury thereby occasioned, as soon as practicable 
and expedient ; and the company shall have a right to assess the said second part<- 
for its expenses of maintaining, repairing, and operating said canal, and any and 
all reservoirs and laterals connected therewith, incindinj^ taxes and legal assessments 

on said canal, a sum not exoeedinp^ per statutory inch hereby contracted to be 

carried, per aunum ; and in addition thereto may, when necessary by reason of acci- 
dent, assess all owners or holders of water rights, pro rata, such sums as may be nec- 
essary to repair the injuries so occasioned, the amount of all assessments herein 

Erovided for shall be determined and levied by said company by resolution of its 
oard of directors, and the company also reserves to itself the right by like resolu- 
tion to establish and enforce such rules and regulations, and to provide and declare 
such penalties as it may deem necessary and expedient for the purpose of enforcing 
and collecting said assessments or any part thereof. Said assessments shall be doe 
and payable at such time as may be fixed by the board of directors of the first party, 
and the second part — hereby agree — to duly pay the same, and further agree— that 
the failure to pay the same or any part therof within sixty days after notice of the 
levy of any assessment (which notice may be either personal or by registered letter 

addressed to the second part — at , Colorado) shall, at the option of the board of 

directors of the first party, constitute a forfeiture of all the rights of second part- 
as provided in paragraph XIII of this agreement. 

VjII. The said first party shall have, and the said second part — hereby grant — to the 

saia first party, a right of way across said above described land of the width of 

feet for the main canal as now located and a right of way for the laterals of said first 

Earty as now located, of the width of feet, and also the right of roadway on the 
aoks of the canal and main laterals ; and in case a fence is constructed by said sec- 
ond part — across said roadway shall construct and maintain a gateway across said 

bank, when said first party requests, in which case said first party shall close said 
gate when opened by it. 

VIII. It is hereby distinctly understood and agreed by and between the parties 
hereto, that in case the first party shall be unable to carry and distribute a volume 
of wat^r equal to the estimated capacity of its canal, either from casual, unforeseen, 
or unavoidable accidents, or from any cause beyond the control of said fiirst party, or 
if the volume of water prove insufficient from drought or from any other cause beyond 
the control of said company, the company shall not be liable in any way for the 
shortness or deficiency of supply so occasioned, or any loss or damage resulting there- 
from by reason of any of said causes. If, however, by reason of such causes, or any 
of them, the supply of water be insufficient to furnish an amount equal to all the 
water rights then outstanding, the said company shall have the power and the right 
to distribute such water as may flow through said canal to the holders of Vich water 
rights pro rata, or may alternate the same; and for the purpose of so doing may es- 
tablish and enforce such rules as it may deem necessary or expedient. And the second 

part — for and heirs and assigns, agree — in consideration aforesaid, to waive, 

and hereby do — waive, any claim for loss or aamage by reason of any leakage, overflow, 
or breaking of said company's canals, or any of its reservoirs, lakes, or laterals, either 
upon the land aforesaid or any other tract belonging to the part — of the second part, 
provided the same is not caused by the negligence of said company. 

IX. The said company agrees that when it shall have sold and have outstanding 
and in force a number of water rights equal to the estimated capacity of the com- 
pany's canal, or sooner, at its option, it will then transfer to the holder of each water 
right, who shall have complied with the terms and conditions of this contract, with- 
out further consideration, such a proportion of the number of shares of the capital 

stock of the said company as the number of water riehts held by bears to 

the whole number of water rights held or outstanding in the canal of the company, 
or as near thereto as may be possible without making fractions of shares, and which 
said shares the second part — agree — to accept : Provided^ however. That such transfer 
is to be made only on the express condition that the first party shall thereupon and 
thereafter be absolutely released from any and all obligations or liabilities arising out 
of the ownership, operation, management, or control of said canal, or out of any con- 
tract (including this) pertaining to the distribution of water therefrom, which said 
obligations shall be assumed by said holdets of water rights^ who shall pay all ex- 
penses incident to such transfer ; which said condition the said second part—, in con- 
sideration thereof and of these presents, for and heirs and assigns do- 
hereby accept. Such transfer shall only be made when the canal is in good order 
and unencumbered. 

X. It is further agreed that the irrigating season shall commence April 15 and 
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eontinne to November lit of each and erery year, and that thereafter water shall bo 
conveyed for domestic parposes whenever reasonably practicable; subject to the 
ri^ht of said first party to shut off the water in order to repair or enlarge or extend 
said canal. 

XI. The payment of the consideration heretofore specified herein shall be as fol- 
lows : dollars npon the ensealing and delivery of this contract, payment of 

which is hereby acknowledged, and the balance in — — payments at the times and 
in the manner following, that is to say : 



Day. 



Month. 



Year. 



Principal. 



Interest. 



Arnonnt. 



Bemarks. 



First defeiTAd payment 

Second deferrea payment.. 
Third deferred pay men t. . . 
Fourth deferred payment.. 

Fifth deferred payment 

Sixth deferred payment 

Serenth deferred payment. 
Eighth deferred payment.. 



Said deferred payments shall bear interest at the rate of per cent, per annum, 

payable annually, and shall bear interest after maturitv at the rate of per cent. 

per annum, and the second part— in consideration of the premises hereby a^ree — 
that will make punctual payment of the above sums, and each of the same, to- 
gether with the interest thereon as the same respectively become due ; and that - 



will regularly and seasonably pay all assessments that may be imposed by said com- 
pany for the purposes aforesaid as above agreed. 
^ XII. In case the second part , legal representatives, heirs or assigns, shall pay 



the several sums of money punctually, and at the times above limited, and shalj 
strictly and literally perform all and singular the agreements and stipulations afore- 
said after their true tenor and intent, then this contract shall be and operate as a 
contract entitling said second part — in 'perpetuity to the enjoyment of the right 
hereby granted, subject, however, to the same assessments and forfeitures for non- 
payment as herein provided. 

XIII. And it is hereby agreed and covenanted by the parties hereto that time and 
pnnctnality are essential elements of this contract. And in case the second part — 
shall fail to make the payments aforesaid, and each of them, or shall fail to pay any 
assessment which may be levied as provided in paragraphs V and VI hereof, punct- 
ually and upon the strict terms and times above limited for the payments and assess- 
ments herein provided -for, or likewise to observe, perform, and complete, all and each 
of said agreements and stipulations aforesaid strictly and literally, without any fail- 
ure or default, then this contract, so far as it may bind the first party, shall become 
null and void, the water may be immediately shut off, and all rights and interests 

hereby created or then existing in favor of the second part, — , heirs or assigns, or 

derived from this contract shall utterly cease and determine, and all equitable and 
legal interest in the right hereby contracted for shall revert to and revest in said 
first party, without any declaration of forfeiture or any other act of said first party 
to be performed, and without any right of said second part — of reclamation or com- 
pensation for monevs paid or services performed, as absolutely, fully, and perfectly as 
if this contract had never been made : Provided, That said first party shall give to said 
second part — heirs or assigns, sixty days* notice, either personal or by mail, of tWe 

said second part-*-, heirs or assigns, being in arrears upon said payments, or any 

of them, or the interest thereon, whicn notice, if by mail, shall be sufficient, if by reg- 
istered letter addressed to said second part— at Colorado. 

XIV. It is also stipulated and agreed that no assignment of the rights of the sec- 
ond part — under this contract, whether by conveyance or lease of all or part of said 
lands, or by operation of law, or otherwise, shall be binding on the first party, so 
as to req«ire it to carry for or deliver to such assignee any of the amount of water 
herein contracted to be carried and delivered unless the first party shall consent 
thereto in writing ; and provided, that no assignment whatever shall be binding as 
to the first party herein until the same is endorsed upon these presents and consented 
to in writing npon «these presents by the said company : Andprgvided further^ That 
nothing herein contained shall be taken to bind the party of the first part herein to 
release the second part— in case of such assignment, from any liabilities to said first 
party under this contract. The endorsement upon these presents of the company's 
consent to the assignment by the party — of the second part of this contract and of 

rights hereunder will be made by said company upon request of the part — of the 

second part, provided all payments, assessments, and charges herein provided for 
which may have become due at or prior to the time of such request shall have been 
fully paid. 
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XV. It is farther stipulated and agreed that nothing in the foregoing proTlBionsaa 
to relocation and assignment shall b^ taken to bind the first party to convey or deUyer 
water ia less amount than b statutory inches for any one tract of land. 

XYI. It is also stipulated and agreed that from and after the execution hereof, the 
said second part — mav enter into the use and ei^oyment of water flowing through 
said canal, its reservoirs or laterals, to the extent of the rights above contracted for as 
fally as though fully paid for, but subject, however, to all the terms, limitations, and 
conditions above set forth. 

In witness whereof, the' Canal Company, partj[ of the first part, has 

nefeunto caused its corporate name to be subscribed by its president, and attested by 
its secretary, and its corporate seal to be affixed hereto as well as to a duplicate 
hereof, and the part— of the second part — hereunto subscribed — iiame— and affixed 

seal— hereto, as well as to a duplicate hereof, this the day of A. D. 18— 

Company. 

By President 

Attested by : 

— — — — Secretary 



Address, • 



Address, • 



-[seal.] 
• [seal.] 



ASSIGNMENT. 



, the within-named purchaser, for and in consideration of dol- 
lars, do hereby assign and transfer all right, title, interest, and claim in and to 

the within-described rights to water unto , of , county of 

and State of , heirs and assigns, forever ; and do hereby authorize and em- 
power the Company to receive from the said all unpaid 

balances due to said companv, in part consideration for said water rights. 

Given under hand ana seal this — r- day of —, A. D. 18 — . 

It is expressly understood that in consenting to recognize this assignment the offi- 
cers of this company do not exempt the original purchaser from any of his liabilities 
under the contract, but will protect the tignts or the assignee, provided he complies 
with its obligations. 

. [seal.] 

Countersigned. 



President 



State op Colorado, 
County of > 



Secretary, 



Before me, in and for said county, this day personally came • 

, known to me to be the identical person described in the within agreement, 

and who executed the foregoing assignment, and acknowledged that signed, 

sealed, and delivered the same as tree and voluntary act and deed, for the uses 

and purposes therein set forth. 

Given under my hand and seal of office this day of , A. D. 18—. 

My commission expires , 18 — . 

Received , 189—, of the sum of doUaiv, amount of first 

deferred payment, on the within contract. 

IJKeceipts similar to the above for the second to the eighth payments, inclusivei 
follow.] y 

(Indorsement:) No. . Agreement to carry inches of iXtter. The 

' with . 



No. II. 

Know all men by these presents, that the Canal Company, a corpora- 
tion existing under the laws of the State of Colorado, of the first part, and 

, of the county of and State of Colorado, of the second part, for and in 

consideration of the sum off to be paid as hereinafter specified, and in con8ide^ 

ation of the mutual covenants and agreements in this contract contained, to be ptf* 



Digitized by 



Google 



BLANKS AND FORMS USED IN DITCH MANAGEMENT. 167 

formed and kept, the said comi^any hereby agrees to sell onto the second party m 
water right for -— statatory inches of water flowing through the canal of said 
company, subject to the following terms and conditions, to which the said party of 
the second pa^ heirs and assigns, hereby expressly agree : 

I. The said company agrees to furnish the said water to the said second part^, 

heirs or assigns, continuously during the irrigating season^ except as hereinafter 
provided, and at no other time, unless with the consent of said company thereto in 
writing. 

II. Said water shall be used only for irrigating and domestic purposes on the 

following described tract of land, and none other, to wit : and under 

no circumstances shall said water, or any portion thereof, be used for mining, milliug, 
or mechanical power, or for any other purpose not directly connected or incident to 
the purposes hereinafter specified. 

III. Said company expressly reserves to itself the right to distribute the water from 
its said canal in accordance with such rights and priorities as are or may hereafter 
be estlbblished or decreed ; and this deed is received by the party of the second part 
subject to such priorities. 

I V. The said second party, heirs or assigns, shall not permit said water, nor 

any portion thereof furnished as aforesaid, to run to waste, but as soon as a sufficient 
quantity shall have been used for the purposes herein allowed and contracted for, 

the said second party, heirs or assigns, shall shut off said water and keep the 

same shut and turned off until the same shall be again needed for the purposes afore- 
said. But in no case shall the amount of water taken or received by said second patty, 

heirs or assigns, exceed the quantity first herein referred to^ and said company 

hereby reserves the right at any time to shut off the water herein mentioned when- 
ever it shall find that the said part — of the second part wasting it or not using 

it on tho land above-mentioned. 

y. The said company shall deliver said water at such point or points along the line 
of Baid canal or ditch, or from any of its reservoirs, laterals, either or all, as it may 
determine to be the most practicable, and the manner of withdrawiuj^ and regulating 
the supply of said water from said company's ditch and reservoirs shall be pre- 
scribed by said company, and shall at all times be under its control, as determined 
and directed by the said company. The head-gates, flumes, weirs, or other arrange- 
ments or devices through which the water hereoy sold shall be drawn from said com- 
pany's ditch or reservoirs, shall be made and placed in position by the said company, 
but at the cost of said second part — who shall also be liable for the expense of Keep- 
ing the same in good repair, and condition ; and the said company may collect and 
enforce the payment of all sums expended for said purposes in the same manner aa 
prescribed for collecting and enforcing assessments. 

YI. The said first part^ agrees to keep and maintain said main canal or ditch and 
any and all of its reservoirs and laterals in good order and condition, and in case of 
accident to the same, to repair the iinury thereby occasionedi as soon as practicable 
and expedient; and the company shall have a right to assess the said second part — 
for its expenses of maintaining, repairing, and operating said canal and any and all 
reservoirs and laterals connected therewith, including taxes and legal assessments on 
said canal, a sum not exceeding per statutory inch hereby contracted to be sup- 
plied per annum ; and in addition thereto may, when necessary by reason of acci- 
dent, assess all owners or holders of water rights, pro rata, such sums as maybe 
necessary to repair the injuries so occasioned. The amount of all assessments herein 
provided for shall be determined and levied by said company by resolution of ite 
board of directors, and the company also reserves to itself the right by like resolu- 
tion te establish and enforce such rules and regulations, and to provide and declare 
such penalties as it may deem necessary and expedient for the purpose of enforcing 
and collecting said assessments, or any part thereof. Said assessments shall be due 
and payable at such time as may be fixed by the board of directors of the first party, 
and the second part — hereby agree — to duly pay the same, and further agree — that 
the failure to pay the same or any part thereof within sixty days after notice of 
the levy of any assessment (which notice may be either personal or by registered 

letter addressed to the second party at , Colorado) shall, at the option of the 

board of directors of the first party, constitute a forfeiture of all the rights of the 
second part — ae provided in paragraph XIV of this agreement. 

VII. The said first party shall have, and the said second part— hereby grant — to 
the said first party, a right of way across said above described land of the width of 
- — for the main canal or laterals of said first party as now located, and also the 
right of roadway on the banks of the canal and main laterals; and in case a fence 

is constructed by said second part — across said roadway shall construct and 

maintain a gateway across said bank, when said first party requests, in which case 
said first party shall close said gate when opened by it. 

VIII. It IS hereby distinctly understood and agreed by and between the parties 
hereto, that in case the first party shall be unable to carry and distribute a volume 
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of water equal to the estimated capacity of its canal, either from oasnal, iiDfoneen, 
or onavoidable accidents, or from an^ cause beyond the control of said first party, oi 
if the volume of water prove insufficient from drouth or from any other cause beyond 
the control of said company, the company shall not be liable in any way for the 
shortness or deficiency of supply so occasioned, or any loss or damage resulting there- 
from, by reason of any of said causes. If^ however, by reason of such causes, or 
any of them, the supply of water be insufficient to furnish an amount equal to all 
the water rights then outstanding, the said company shall have the power and the 
right to distribute such water as may flow through said canal to the holders of such 
water iHghts pro rata, or may alternate the same ; and for the purpose of so doine 
may establish and enforce such rules as it may deem necessary or expedient. And 

the second part — for and -^ heirs and assigns, agree — , in consideration 

aforesaid, to waive, and hereby do waive, any claim for loss or damage by reason of 
any leakage, overflow, or breaking of said company's canals, or any of its reservoirs, 
lakes, or laterals, either upon the land aforesaid or any other tract belonging to the 
part — of the second part. 

IX. The said company agrees that when it shall have sold and have outstanding 
and in force a number of water rights equal to the estimated capacity of the com- 
pany's canal, or sooner at its option, it will then transfer to the holder of each water 
right, who shall have complied with the terms and conditions of this contract without 
further consideration, such a proportion of the number of the shares of the capital stock 

of the said — company as the number of water rights held by bears to 

theVhole number of water rights held or outstanding in the canal of the company, or 
as near thereto as may be possible without making fractions of shares, and which said 
shares the second part — agree— to accept : Provided however f That such transfer is 
to be made only on the express condition that the first party shall thereupon and 
thereafter be absolutely released from any and all obligations or liabilities arising 
out of the ownership, operation, management, or control of said canal, ort>ut of any 
contract (including this) x>ertaining to the distribution of water therefrom, which 
said obligations shall be assumed by said holders of water rights, who shall pay all 
expenses incident to such transfer; which said condition the said second part— in 
consideration thereof and of these presents, for and heirs and assigns do- 
hereby accept. Such transfer shall only be made when the canal is in good order and 
unencumbered. 

X. It is further agreed that the irrigating season shall commence April 15 and con- 
tinue to November 1 of each and every year, and that thereafter water shall be con- 
veyed for domestic purposes whenever reasonably practicable ; subject to the right 
of said first party to shut off the water in ordet to repair or enlarge or extend said 
canal. 

) XI. The payment of the consideration heretofore specified herein shall be as follows: 

dollars upon the ensealing and delivery of this con tract, payment of which is 

hereby acknowleged, and the balance in — » payments at the times and in the manner 
following, that is to say : , 



Day. 



Month. 



Yesr. 



Principal. 



InterMt. 



Amount. 



Remarks. 



First deferred payment. . . 
Second deferred payment. 
Third deferred payment.. 
Fourth def^red payment. . 

Fifth deferred payment 

Sixth deferred payment. . . . 
Seventh deferred payment 
Eighth deferred payment. . 



Said deferred payments shall bear interest at the rate of per cent, per annam, 

payable annually, and shall bear interest after maturity at the rate of per cent. 

per annum, and the second part — , in consideration of the premises* hereby agree- 
that will make punctual payment of the above sums, and each of the same, 

together with the interest thereon, as the same respectively become due ; and that 

will regularly and seasonably pay all assessments that may be imposed by said 

company, for the purposes aforesaid, as above agreed. 

XII. In case the second part legal representatives, heirs or assigns, shall pay 

the several sums of money punctually, and at the times above limited, and shall 
•trictlv and literally perform all and singular agreements and stipulations afore- 
said after their true tenor and intent, then the first party shall cause to be made and 

executed unto the second py t heirs or assigns, a deed conveying the water-right 

above described in fee-simple ; subject, however; to the same assessments and for* 
feitures for non-payment as herein provided. ' ^^ 
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Xm. The first party claims and reserves a strip of land of the width Decessary and 
rafficient for the right of way of the canals of the first party, and for enlarging and 
repairing and snperintendins the same where any snch canal is located upon or con- 
tignons to the premises, hereby claiming and reserving the right of way across said 
lands for lateral canals where the same are or may become necessary and expedient for 
the purpose of conveying water from the main canals of first party to the lands below, 
whether snch laterals are constructed by the first party, or by persons owpine snch 
lower lands ; provided that the laterals aforesaid shall be constructed under the 
supervision of and upon such lands only as are selected by the first party. 

XIY. And it is hereby agreed and covenanted hy the parties hereto that time and 
punctuality are essential elements of this contract. And in case the scond part — shall 
fail to make the payments aforesaid, and each of them, or shall fail to pay any assess- 
ment which may be levied, as provided in para^aphs V and VI hereof, punctually 
and ux^on the strict terms and times above limited for the payments and assessments 
herein provided for, or likewise to observe, perform, and complete all and each of 
said agreements and stipulations aforesaid strictly and literally without any failure 
or default, then this contract, so far as it may bind the first party, shall become ntdl 
and void, the water may be immediately shut ofT, and all rights and interests hereby 
created or then existing in favor of the second part — ^ heirs or assigns, or derived 

from shaU utterly cease and determine, and all equitable and legal 

interest in the water-ri^ht hereby contracted to be conveyed shall 

revert to and revest in said first party^ without any declaration of forfeitore or any 
other act of said first party to be performed, and without an^ right of said second 

{^art— of reclamation or compensation for moneys paid or services performed, as abso- 
utely, fully, and perfectly as if this contract had never been made : Provided, That 

said first party shall give to said second part — , heirs or assigns, sixty days' notice, 

either personally or by mail, of the said second part heirs or assigns, being in 

arrears upon said payments, or any of them, or the interest thereon, which notice, if 
hy mail, shall be sufficient, if by registered letter addressed to said second part — at 
— — , Colorado. 

And it is farther stipulated that no assignment of the premises shaU be valid unless 
the same shall be indorsed hereon, and no agreements, or conditions or relations be- 
tween the said second part — and assigns, or any other person acquiring title 

or interest from or through , shall preclude the first party from the right to con- 
vey the premises to the second part— or assies, on the snrrender of this agree- 
ment and the payment of the unpaid portion of uie purchase money which may be 
due to the first party. 

Xy. It is also stipulated and agreed that from and after the execution hereof, the 
said second part — may enter into the use and enjoyment of water flowing throneh 
said canal, its reservoirs or laterals to the extent of the right, above contracted to be 
conveyed, as fnlly as though fully paid for, but subject, however, to all the terms, 
limitations and condftions above set forth. 

In witness whereof, the Companv, party of the first part, has here- 
unto caused its corporate name to be subscribed by its president, and attested by its 
secretary and its corporate seal to be affixed hereto as well as to a duplicate hereof, 

and the part — of the second part ' _ subscribed — — ^— name— and 

affixed aeal— hereto, m well m to a duplicate hereof, this the day *— 

A.D.lft-. 



■ COMPANT, 



By Pre»W«tt 

Attested by— 

— ^ — Secretary, 
— [seal.] 



Address: 



Address: 



Address: 



. [8KAL.] 



• [8BAL.] 



▲SSIGNMBNT. 



' , the within-nameQpnrohaser, for ami in consideration of dollars, 

do — hereby assign and transfer ail right, title, interest and claim in and to the 

within-described rights to water unto — ^— of , county of . and 

State of — — , heirs and assigns, forever. And do — hereby authorize ana em- 
power the — — ^ Company, to receive from the said — all unpaid 

balances due to said Company, in part consideration for said water rights and npon 
the final i^ayment of all the purchaise money and a full compliance of afi the require- 
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ments contained in the within ascreement, to execute, or cause to be ezecntea, to the 
said ' heirs and assigns, a deed of said water rights, instead of to . 

Given under hand and seal, this day of , A. D., 18 — . 

It is expressly understood that in cousentiftg to recognize this assirnmeut, the 
officers of this Company do not exempt the original purchaser from any of his liabili- 
ties under the contract, but will protect the rights of the assignee, provided he com- 
plicH with its obligations. 

, [seal.] 

Countersigned : 

FreBident, 



Secretary, 
State op Colorado, 

County of , 8i. 

Before me , in and for said county, this day personally came 

, known to me to be the identical person — described in the within agreement, 

and who executed the foregoing assignment, and acknowledged that signed, 

sealed, and delivered the same as free and voluntary act and deed, for the uses 

and purposes herein set forth. 

Given under my hand and seal of office, this -^ day of , A. D. IS—, 

My commission expires , 18 — , 

Received , 189—, of the sum of dollars, amount of first de- 
ferred payment on the within contract. 

[Receipts similar to the above for the second to the eighth payments, inclusive, 
follow.] 

(Indorsement.) No. . Agreement for sale of water right. The 

with for statutory inches. 



No. III. 

THE FORT MORGAN LAND AND CANAL COMPANY. 

This agreement, made this day of , in the year 18 — , between the Fort 

Morgan Land and Canal Company, a corporation existing under the laws of the State 

of Colorado, as the first party, and , of the county of Weld, and State of 

Colorado, as the second party, witnesseth : 

I. That in consideration of and subject to the stipulations herein contained, and 
the payments to be made as hereinafter specified, the first party hereby agrees to sell 

unto the second party heirs or assigns, water right to the use of water, 

flowing through the canal of said first party ; each water right to be sufficient to ir- 
rigate 80 acres of land, but not to exceed 1.40 cubic feet of water per second of time, 
which the first party agrees to furnish to the second party heirs or assigns, dol- 
ing the irrigating season, except as hereinafter provided, and at no other time, for 
domestic purposes and for irrigating the following-described land, situate in the 
county of Weld, and -State of Colorado, viz : . 

II. Said second party heirs or assigns, shall not permit said water or any 

portion thereof, furnished as aforesaid, to run to waste, provided, however, that own- 
ers of water rights from the said canal ma^ temporarily, for mutual convenience for 
irrigating purposes only, use their water in combination upon their several lands, 
but never upon lands for which the first party has not sold its full quota of water, 
on a basis of one water right to 80 acres of land. 

III. Said first party shall deliver said water at such point or points along the line 
of said canal, or from any of its reservoirs, either or all, as it may determine from time 
to time to be most practicable ; and the location of all headgates, and the manner of 
withdrawing and regulating the supply of water from said company*s canals and reser- 
voirs, shall be prescribed by said company, and shall at all times be under its con- 
trol. 

IV. Said first party agrees to keep and maintain said canal and any and all of its 
reservoirs in good order and condition, and in case of accident to the same to repair 
the injury thereby occasioned as soon as practicable and expedient ; and the company 
shall have a right to assess said second party, for the expense of maintaining, repairing 
and superintending said canal and any and all reservoirs connected^ therewith, a ^om 
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not exceeding $10 per water right sold, per annam, and in addition thereto maj, when 
necessary by reason of accident, assess all owners or holders of water rights pro rata 
sach soma, not exceeding |10 in any one year for each water right, as may be neces- 
ssry to repair the damages so occasioned. The amoant, manner of collection, and 
time of payment of all assessments herein provided for shall be determined by said 
company ; and the company also reserves to itself the right to establish and enforce 
finch rnles and regulations, and to provide and declare sach penalties as are neces- 
sary and expedient for the purpose of enforcing and collecting said assessmentS| or 
any part thereof. 

y. It is farther expressly understood and agreed that when the ^^ party shall 
have sold and have outstanding and in force water ri|[hts, fully paid up, equal to the 
foil capacity of its canal (or sooner at it^ option), it will distribute pro rata the stock 
of said company among the holders of water rights so sold and the first party as 
owners of unsold water rights (if any), and the seoond party agrees to merge — 
water rieht —^ in this contract, and the first party, in the exercise of said option, to 
merse aU its water rights then remaining unsold, if any, severally, into the capital 
stocK of said company, in equitable proportions to the water right-- so merged. 

VI. It is hereby distinctly understood and agreed by and between the parties hereto, 
that in case the canal of said first party shidl be unable to convey and^distribute a 
volume of water equal to the estimated capacity, either from any accident, or from 
lack of supply in the South Platte River, or from any other cause beyond the con- 
trol of said first party, then the first party shall not be liable for the shortness or 
deficiency of supply so occasioned, or any losses or damages resulting therefrom. 
It is further agreed that during a deficiency in the water supply of such canal, from any 
of the causes aforesaid, the first party shall have the right to divide the dimiaished 
supply pro rata, among the holders of water rights under said canal, and for the pur- 
pose of so doing may establish and enforce such rules and regulations as are neces- 
sary and expedient. And the second party, for and heirs and assigns agree-- 

in consideration aforesaid to waive, and do herebjr waive, any claim for loss or dam- 
age by reason of any leakage or overflow of said canal, or any of its reservoirs, 
lakes, or laterals, not resulting from the negligence of the first party, either upon the 
land aforesaid or any other tract belonging to said second party. 

YII. In consideration of foregoing promises, covenants, and agreements of the said 
party of the first part, the second party agrees to pay unto the said first party the 

sum of dollars with interest, payable annually, at the rate of 10 per cent, per 

annum. Payment has been made and received of dollars, and the remaining 

principi^l, with the annually accruing interest, shall be paid at the ofQce of the first 
party in Denver, Colo., in -. — '• — payments, at the times and in the manner following, 
that is to say : 



Day. 



Month. 



Tear. 



Principal 



Interest. 



Amount 



Remarka. 



First deferred payment. . . 
Second deferred payment. 
Third deferred payment. . 
Poarth deferred payment. 
Fifth deferred payment . . . 
Sixth deferred payment. . . 



And the second party, in consideration of the premises, hereby agrees that 

will make punctual payments of the above sums, as each of the same respectively be- 
comes due, and that will regularly and seasonably pay all Assessments that may 

hereafter be imposed by said company for the purposes aforesaid. And when the 

said party of the second part or assigns, shall have fully paid the consideration for 

the water rights herein conveyed, with interest thereon according to the terms of 
this contract, the absolute title to said water rights, free and clear of all incum- 
brances, shall be thereby vested in the said party of the second part, and his assigns 
without any further or other deed of conveyance whatsoever. 

VIII. The second party for heirs and assigns farther agree— to pay to the first 

party or its assigns, on such terms and regulations as its board of trustees may from 
time to time prescribe and determine proportional part of the expenses of main- 
taining and repairing the general fence, constructed to inclose a large tract of land 
lying under said canal ; and said second party for heirs and assigns further ex- 
pressly agrees, in consideration of these presents, that will not permit any live 

stock in -"^ possession or under control to run at large within such general 

fence ; and any violation of this agreement shall render the second party personal 

representatives or assigns, liable in damages to the first part^, as trustee for the 
benefit of any persons and their privies in interest, who may be injured by reason of 
depredations of live stock so allowed to run at large in violation hereof. 

IX. And it is hereby covenanted and agreed by the parties hereto, that time and 
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pnnotnality are material and essential elements of this contract, and that in case said 
party of the second part shall fail or neglect to make the payments aforesaid, and each 
4>f them, at the time and times herein stipulated, then all rights, priyileges, and 
benefits accrned or accming under the terms of this contract in favor of said part^ of 
the second part or — heirs or assigns, shall ntterly cease and determine after thirty 
days' notice of each default heing given by deposit thereof in the post-ofBce at Denver, 
addressed to said party of the second pan at his last known post*offioe address, or by 
personal service of such notice^ at the option of said party of the first part, and with- 
out any right of said party of the second part of reclamation or compensation for 
moneys paid dr services performed, as absolutely, fully, and perfectly as if this con- 
traei had never been made ; and all moneys theretofore paid by said party of the 
second part to said party of the first part under the provisions of this contract shall 
belong to, and be retained by, said party of the first part as liquidated damages for 
the breach hereof. 

It is further expressly »nd distinctly agreed and understood that this contract shall 
not be c<Mistrued or operate to convey or vest any interest whatever in the water 
right hereinbefore mentioned until said party of the second part shall have fully per- 
formed each and every of the covenants and agreements nerein contained, for the 
payment of the aforesaid consideration and purchase price, and shall not be assigned 
until fully paid up, without the consent of the first party indorsed hereon. 

In witness whereof, The Fort Morgan Land and Canal Company has herennto 
caused its corporate name to be subscribed by its president and attested by its secre- 
tary and its corporate seal to be afiBxed, and the second party subscribed 

name and affixed — seal hereto, the day and year first above written. • 
Ths Fort Moboak Land and Canal Company, 

By , 

Prendent 

Attested by: 

' "' ' ' » 
Secretary. 

[SEAL.; 

[SEAL.' 

— ■ [SEAL.' 

ASSIGNMENT. 

— , the within named purchaser, for and in consideration of dol- 

lars, do— hereby assign and transfer ail — » right, title, interest, and claim in and 

to the within described rights to water unto , of , county of 

and State of , heirs and assigns forever. And do— hereby authorize and 

empower The Fort Morgan Land and Canal Comi^any to receive from the said — -» 

all unpaid balances due to said company, in part consideration for said water 

rights, and upon the final payment of all the purchase money, and a full compliance 
with all the requirements contained In the within a^eement, to execute, or cause to 

be executed, to the said — — , heirs and assigns, a deed of said water rights, 

instead of to . ' 

Given under hand — and seal — this -^ day of , A. D. 18 — . 

It is expressly understood that in consenting to recognize this assignment, the offi- 
cers of this company do not intend to exempt the original purchaser from any of his 
liabilities under the contract, but to protect the rights of the assignee, provided he 
complies with its obligations. 

— — . [SEAL.] 

Countersigned: 

Pretident. 



Secretary, 
State of Colorado, 

County of , ss: 

Before me, , in and for said county, this day personally came — — 

-, known to me to be the identical person— described in the within agreement, 



and who executed the foregoing assignment, and acknowledged that signed, 

sealed, and delivered the same as free and voluntary act and deed for the use 

and purposes herein set forth. 
Given under my hand and seal of office this day of , A. D. 18—. 

Received 18 — , of , the sum of dollars, amount of first de- 
ferred payment on the within contract. 

[Receipts similar to the above for the second to the sixth, inclusive, follow.] 

(Indorsement:) No. Agreement for sale of water right./<^The Fort Morgan 

Land and Canal Company with — • _ igitized by vjOC 



AEEA8 UNDER DITCH AND CULTIVATED. 

STATISTICS OF RECLAMATION IN ARIZONA, CALIFORNIA, COLORADO, 
IDAHO, KANSAS, MONTANA, NEBRASKA, NEVADA, NEW MEXICO, ORE- 
GON, SOUTH DAKpTA, UTAH, WASHINGTON, AND WYOmNG. 



PART IV. 

Beliable statistics of irrigation are as yet nnknowD. Approximate 
«tatements, reasonably correct, are all that can be now obtained. The 
recent (1889) investigation of the United States Senate special Commit- 
tee on Irrigation and the Eeclamation of Arid Lands have given a basis 
for statements bi^fore impossible, in spite of statements that have been 
widely published that inqairies have been made and data collected ander 
official scientific direction for the past ten years. Nothing of the sort 
has been done, except as a very general incidence of certain geological 
and topographical work carried on in the arid West. 

The first real attempt to obtain data on American irrigation was 
made in the preparation of this report, when in 1884-^85 the Depart- 
ment of Agricriltare authorized such inquiry under the editor of this 
report. In 1886 the Senate directed the publication of a first edition 
thereof. In the following session of Congress an inquiry was ordered. 
In the following year an appropriation of $100,000 was made for the 
purpose of organizing an irrigation survey. The next session that ap- 
propriation was increased to $250,000, making in all $350,000 up to the 
date of this publication. 

The Senate, upon the motion of Hon. William M. Stewart, of Nevada, 
appointed a special committee to investigate the subject, Mr. Stewart 
being made chairman. On the 1st of August, 1889, at St. Paul, Minn., 
the field inquiry began. In the following fifty-two days the com- 
mittee visited eighteen States and Territories, held fifty-eight sessions, 
heard several hundred witnesses, traveled in all over 15,000 miles, 
closing their inquiry at Washington; holding eight sessions there for 
testimony and hearing there eighteen witnesses in all; a majority and 
minority report was made ; bills introduced, and four volumes of testi- 
mony, covering in all 1,990 pages, were printed. 

The following tabulations then are quoted from the report of the 
majority, with additional data presented by other authorities. 

Beginning with the Dakotas, it is estimated that there are about 
100,000 acres " under ditch '' in southwest Dakota — that is the Black 
Hills section — of which about 15,000 acres are under cultivation, the 
balance being in grass. n^r^^l^ 
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Irrigation ditches and areas In Idaho, 



Conntiec in which irrigation now exists. 



No. of com- 
pleted 
ditchee. 



Ditchea. 



Irrigated 
in 1889. 



Bfthnated 
Ncofacrea 
irrigahle. 



Ada 

Altaraa , 

Bear Lake 

Bingham, north. 
Bingham, eonth 

Boi8« 

Cassia 

Elmore 

Logan 

Lemhi 

Oneida 

Owyhee , 

Washington..., 
Total.... 



*«2 
10 

m 
m 

70 
S60 

:6ft 

M 

J170 



JTOm. 
*448 
Iti 
20« 
253 
264 
60 
209 

:25 

1125 
t800 

tioo 

158 

} :^ 



Atn$. 
60,000 
14,500 
21,500 
245.000 
89,250 
83,500 
82,000 
10,000 
50,000 
9,715 
88,760 
21,275 

40,000 



900,000 
118,000 
39.000 
2,236.000 
267,500 

"*66i,'400* 

230, ooa 

1,250.000 
500.000 
106,009 
248,500 

500. ooa 



1,811 



2,418 



715,500 



7,141,400 



* This inclades three ditch systems, embracing 207 miles, incompleted when estimates were made. 

tXhe sixteen ditches given do not indnde the laterals. At an average estimate of 400 acres per 
ditch the mileage wunld be over 600. 

t Estimated on the basis of 2 miles per ditch serving 400 acres. This is near enough for an approxi-^ 
mate estimate^ below rather than above the facts. 

§ The 34 miles are the definite lengths given of new ditch systems ; the balance is an estimate. 

The Geological Survey estimates 740,350 acres as irrigated in 1889. 
The Society of Civil Engineers presented for Montana a report which 
is tabulated as follows : 



Irrigation ditchea and areas in Montana, 



No. 



County. 



Area. 



SapiKMed 

under 
cultivation. 



Supposed 

can be 
cultivated 
by irriga- 
tion. 



Beaver Head 

Cascade 

Ghoteau 

Crow Keservation 

Custer 

Dawson 

Deer Lodge 

Ferffus 

Gallatin 

Jefferson .., 

Lewis and Clarke. 

Madison 

Meagher 

Missoula 

Park 

Silver Bow 

Yellowstone 

Total 



8,740 
2,570 

24»830 
7,830 

22,300 

25,650 
4,760 
7.415 
2,000 
2,060 
1,760 
4,546 
7,160 

10,580 

4,740 

760 

8,390 



146,000 



Acres, 
80,000 
50,000 
50,000 



80,000 

50,000 
100,000 
100,000 
100,000 

25,000 

50,000 
100.000 

35.000 
150,000 

15,000 
1,000 

50,000 



Acret. 

250,009 

600,000 

5,000,000 

1,500,000 

3,000,000 

4,000,000 

350,000 

1,500, 009 

400,000 

250,000 

400,000 

400,000 

500,000 

600,000 

500,000 

40,000 

500,000 



986,000 



19,790,000 



Other statistics show that there were in 1869, of mining ditches 287J 
miles constructed, at a cost of $806,500. The present extent, including 
these — as many have been used for irrigation purposes also— is now esti- 
mated at 1,000 miles. There are now partially or wholly completed the 
following larger or district systems5 constructed for rental investment 
by corporations : 
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Corporation ditches. 


Miles. 


Acres to be 
•erved. 


Bstimated 
cost. 


Benton Lake 


35 
88 
10 
45 

50 
25 
76 

40 


50,000 
100.000 
25,000 
51,000 
10,000 
50,000 
300,000 
35,000 


$175,000 

140, 000 

7,000 

150,000 


Clarke's Fork 


Chestnut Yalley 


Dearborn .............................................. .............. 


Florence. 


200,000 


Oallatin 


75,000 
500.000 


Son River 


Tetont V 


80,000 




Total ..^. 


318 


611,000 


1, 327, 000 


/ 





Report to the U. S. Geological Survey by E. S. Tarr, estimates 500,000 
acres ander caltivation. Assessors retarn made the total 348,102 acres. 
The statistics of the committee show the following : 

Irrigation ditches and areas in Utah, 



CoontiA reported. 


Irrigated 

areas in 

acres. 1889. 


No. of 
canals. 


Miles of 
canals. 


Beaver 


9,500 

17,500 

41,444 

14,825 

5,000 

6,997 

4,000 

1,825 

13,500 

8,648 

12,135 

42,811 

38,687 

1,025 

8,500 

17,619 

8,506 

6,250 

8,933 

69,126 

18,000 

18,892 

44,052 


*32 

12 

40 

*34 

M7 

*23 

*18 

9 

42 

*29 

31 

*143 

87 

4 

*12 

*60 

*28 

*21 

*30 

*346 

60 

31 

25 


*96 


Box Elder • 


*76 


Cache 


110 


Emery 


102 


Garfield - , 


*51 


Iron 


*69 


Juab 


*39 


Tr*^« , . - , . , . , , , 


*18 


Miliard 1 


*120 


Moriran 


*87 


Hlfte 


*93 


Rich 


*429 


Salt Lake 


*218 


San Jnan 


12 


San Pete i ;.. 


*36 


Sevier *.... -........* 


*180 


Snmmlt .,ax....... 


*84 


Tooele 


*68 


TTintah 


*90 


TTtah 


* 1,488 
180 


Wasatch 


Washington ,, 


186 


Weber.. 


? 




Total....; i ;..... 


412,669 


1,079 


3,908 





'These are estimates made on a uniform basis of 300 aores to each ditch and of laterals 3 miles in 
length. 

The Mormon Gharch returns of irrigation quoted by Major Powell, 
for 1889, puts t^e land <^ under irrigation " at 802,456 acres, that is, 
" under ditch.'' Actually irrigated that year the area is given at 371,437 
by farming 66,191 arable, but not irrigated 2,525,403 acres. 

For Oregon, estimates of the U. S. Geological Survey presented by 
the Director to the committee are here given : 

Irrigation ditches and areas in Oregon, 
[Report of W. G. Steel, June 27, 1889.] 



. County. 


Irrigated. 


Under 
ditches. 


County. 


Irrigated. 


Under 
ditches. 


Baker 


Acret. 
5,000 
8,000 
3,000 
10,000 
20.000 
5,000 
5,000 


Aeret. 
10,000 
8,000 
6,000 
10,000 
20,000 
30,000 
5,000 


Malheur 


Acret. 
40,000 
6.000 
5,000 
5,000 
7,000 


Acret. 
60,000 
18 500 


-Crook 


Morrow ....,,.. 


William 


Umatilla 


7,000 


•Grant. . 


XJn;on. . 


8,000 
10,000 


Harney... ". 


Wallowa 


Klamath 


Total 




iAk«. ...;.""!..*". 


119,000 


191,500 
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Eastern Washington's irrigated area is given by the committee at 
76,000 acres " under ditch,'' and 50,000 acres as irrigated. That oC 
Ke\^ada is stated at 142,000 acres under ditch, of which 75,000 are cul- 
tivated by irrigation. 

For the Golden States returns are conflicting, but the following is a 
fair statement of— 

Irrigation ditokes and areas in California* 



Ditches. 



Cost 



^BtP^f' Total cost. 



In the San Joaqain Valley, oonntiee of Fresno, Heroed, Keni, and 
Tulare .... 

In the counties of Lot Ajkgelei^ Orange, and San Branardino* 

In San DiegoOoonty 

In the remaining part of the State, twenty-four counties, where 
irrigation is praotioed 

Countingone-thirdof the mininf ditches in the State as available 
and used for small irrigation, we have 

Total 



MiU$. 

800 

600 

36 

1.700 



$3,400 
6,000 
19,613 

640 

3,188 



3,826 



$4,320,600^ 

3, 000, MO 

706,068 

1,128,000 

921.221 



10,375,289 



Without question the total valuation or cost is much below the true 
figures. Much of the data on which the estimates are based is taken 
fi^m the assessors' returns made for the purpose of taxation. They 
can therefore be doubled. That will give a total cost of at least 
$20,000,000. 

The acreage is as difficult to arrive at with certainty, but it can be 
fairly and moderately stated as follows : 

In the San Joaqoin conntie« : Aoras- 

Infarm crops 1,000,000 

In vines 13,000 

In fruit trees .• lt>,000 

1,029,000 
— ^g - 
In the southern counties : 

In farm crops •.... 580,000 

In vines 45,000 

In fruit trees.— 85,000 

710,000 

In the halanoe of State (irrigated) : 

In farm crops -* 1,500,000 

In vines 25,000 

In fruit trees 30.000 

1,555,000 

The total acreage wholly under ditch and now irrigated is fairly 
within the annexed totals : 

Acres. 

infarm crops 3,080,000 

In vines 83,000 

In fruit trees 131,000 

Total 3,294,000 

If all the areas directly cultivated by the aid of natural sabirrigatioo, 
etc., be added, the total area in California will certainly be not less than 
3,500,000 acres. The point of interest, however, in these figures is the 
profitable character of such cultivation, especially in the matter of frait- 
raising. 

* From report of majority of Senate Committee on Irrigation, 1890. 
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Major Powell's statement, from " Irrigation in United States,'' first 
edition, 1886, gives these figures — 

, Acres. 

Under ditches, constracted or projected 6,000,000 

Irrigated, etc 3,000,000 

The same authority reports the following — 

Irrigation diteheB and areas mi Ari$ima. 



County. 


No. of 
canals. 


Length. 


Area nnder 
ditch. 


Apache.-.' ,„.. 




Mile*. 

60 

3041 
52 

50 

78 
1201 


Acre*. 

12,500 

8,300 

35,000 

104,400 

30,000 

S 78,000 

{ *50,000 

40,000 

81,000 


Cochise •, 




(^rahftm r r-.T. .r... 




Ksriooim ...t...... , 


23 
30 

28 


SS^::::::::"»::::::::::::::;:":::::::;;:"::;;:::::":: :;::" 


Pinal , , 


YavaMd •... 


Vnm? . .„_ 


10 




Total i 




740| 


529,200 







* In Pima Reservation. 

These figures are entirely taken from county reports. The ditch sys- 
tem constructing in Yuma County will, when completed, have a total 
length of 241 miles and an acreage of 207,000. The total cost will be 
$1,318,000, or nearly $5,500 per mile. The canals under way in Mari- 
copa County will, when completed, cover 404,900 acres and have a total 
length of 425 miles. Apache County reports 150,000 acres reclaimed, 
Ptma County 2,500,000 acres, and Cochise 310,000 aci^. Of the area 
^^junder diteh ^ mbwt two-thirdt are actually cultivated. For Arizona 
the Geological Survey estimates all reclaimable, 1,650,000 acres; nnder 
ditch, 455,600acres; actually cultivated, 203,080 acres. Engineer Newell 
fortiie same territory estimates only 175,000 acres as cultivated through 
irrigation. 

Western Texas, that is the arid section west of the one hundredth 
meridian, has been making rapid strides. Its total area irrigated and 
nnder ditch, after careful inquiry is placed at 200,000 acres *^ under 
ditch ^ and 125,000 actually cultivated. 

Southwest Kansas in 1889 suffered largely from the drought. *< Under 
ditch " were 300,000 acres, nearly all in the Upper Arkansas Valley,/ 
while but 75,000 acres were cultivated by actual irrigation. 

The following table gives the official census figures of 1885: 

Irrigation ditches and areas in New Mexico, 

Number of farms 10,511 

Number of acres (improved, estimated) I. ...... 500,000 

Area reclaimable in acres 13,965,000 

Under date of June 24, 1889, T. B. Mills, of Las Vegas, !N^. Mex., makes 
the following estimate : 



Connty. 


Under 
ditch. 


Bernalillo 


Acres. 

12,421 

133, 400 

37, 621 

8,721 


Col&x 

Dofia Afia > 


Qrant 


Lincoln . .. .---- -.--. 


100, 000 


Mora 


51, 279 


Rio Arriba 


29, 623 


San Miguel 


38,241 1 



County. 



Santa F6.. 

Sierra 

San Jnan . 
Socorro . . . 

Ta«8 

Valencia.. 



Total. 



•rqIfizea'bV' 



Under 
ditch. 



Acres. 
9,820 
8,673 
20, 000 
73,464 
88, 763 
26, 429 



Gdo ^*^ 
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Projected ditches and ditches ander construction will serve in addi- 
tion, 722,000 acres. 

A most careful student and engineer, L. 6. Carpenter, professor of 
irrigation engineering and meteorologist in the State Agricultural Gol- 
lege, presented in his annual college report (January, 1890) the follow- 
ing approximate estimate of— > 

Irri§aH&n ditehet and areoi in Colorado, 



Area. 



Total a 



Dirision I (Platte Division) : 

Platte valley, below the Pondre 

Platte Valley, above tbe Poadre, including Bear and Clear Creeks. 

St. Yrain and Bonlder Creeks 

Big and Little Thompson 

Cache La Poadre 

• Total from Sonth Platte 

From North Platte in N«rth Park 

Division 11 (Arkansas Division) : 

East of the Huerfano Biver • 

Caoharas 

La Yeta and A|>aohe 

Upper Arkansas and Fontaine .- 



8q. miles. 
283.21 
551.64 
294.60 
184.22 
808.54 



480.08 
04.40 
84.17 

108.01 



Division III (Bio Grande Division) , 

Division IV (San Juan Division), induding Dolores, Manoos, Pine, 

Florida, La Plata Bivers^. 

Division V (Grand Biver Division) 

Divisicm VI (Bear and White Biver Division) 



8q. milet. 



1, 857. 20 
101.28 



774.56 
1,564.00 

135.00 

210.00 

,110.00 



Total.. 



4,552.00 



Acres. 



1,060,608 
64,787 



495,718 
1,000,960 

86,400 
134,400 

70,401 



2,913.273 



By this table the total amount of land nnder ditch in Colorado at 
present is not far from 4,500 square miles, or 3,000,000 acres. The 
amount of land actually irrigated can not be so reliably estimated at 
present. It is much less than that under ditch. 

Professor Carpenter estimates the total irrigated as not over one-third. 
This is apparently below the actual results. State Engineer Maxwell 
reported the fcdlowing figures as a carefhl statement of the area east of 
the Bocky Mountains : 



' 


NQ.of 
districts. 


HUesof 
ditches. 


Aeres. 


Divisions. 


Under 
ditch. 


Actoally 
irrigated. 


ITo.l Platte 


14 
18 

8 


2,067.86 

943.80 

1,088.68 


1.126,800 
440.240 
596,097 


681,(M 
116,047 


Ko. 2 Arkansas 


Xo. 8 iEUo Grande 


290,263 






Total 


35 


4,044.84 


2.163,137 


997,346 







In the three eastern divisions there are also one hundred and sixty- 
two reservoirs, with a record capacity of 6,319,039,788 cubic feet, capa- 
ble of furnishing 1 acre-foot of water to each of 122,199 acres. The 
total number of ditches, large and small, in the State is estimated at 
2,000, and their mileage at 5,000. The duty of water is placed at 1.45 
cubic feet per second for 80 acres. In some sections it is over 100 acres, 
however. i 

West of the range in the Grand River, Mesa County, Uncompahgre, 
and other sections, there were 110,000 acres actually irrigated. The 
estimate of E. 8. Nettleton, the leading engineer of the State, reached 
for 1889, one of water scarcity, to 1,300,000 acres. From the various 
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enterprises now in progress and for which it is claimed water can be 
obtained, the area under ditch in the present will not be less than 
4,000,000 acres. 

There are over four hundred mountain streams within the borders of 
Wyoming, and the mountain area from which they flow contains at least 
35,000 square miles, 22,400,000 apres. The Territorial engineer. El wood 
Head, claims as a moderate computation, that the annufd precipitation 
on these storm-condensers and moisture-stores will average not less than 
<3 solid feet of water. This estimate contains 60,000,000 acre-feet; an 
amount sufficient, at the rate per annum of 1 acre-foot for 80 acres« to 
irrigate 10,000,000 acres of land. The precipitation is there, the mount- 
ains offer unequaled opportunities for storage,' the numerous water- 
courses can be rendered available with added artificial fEu^ilities for full 
distribution, and the land will present, with its broad levels and fertile 
qualities, an easy work for the engineer and ample return to the farmer. 







IrrigaiUm ditehes and areas 


ill Wyoming 


• 




District 


Total 

No. of 

recorded 

ditches. 


Total 

lenirth aa 

BUted. 


No. of claims, 
with state- 
ment of 
length omit- 
ted. 


1 

Total 
capacity 
as giren. 


No. of ditch 
claims, emi^ 
ting state- 
ment of ca- 
pacity. 


Totel acre- 
age watered 
as given. 


No. of ditch 
claims, omit- 
ting state- 
ment of acre- 
age. 


l*t 


643 
327 
282 


1,822.386 
582.793 
817.410 


89 
81 
01 


5,011.584 
6,640.844 
3,644.078 


48 
53 
72 


482,434.00 
879, 164. 64 
895,563.00 


89 
62 




114 


4t 






502 
124 
822 
182 
40 
7 


906.308 
196.955 
518.240 
212.410 
01.480 
11.905 


82 
46 
50 
52 
1 


10,422.700 

1,556.325 

1,658.006 

3,095.487 

842.000 

136.800 


67 
86 
96 
79 
15 


440,540.00 
56,162.00 

108,076.78 
35,396.00 
42,460.00 
4,180.00 


60 




55 




95 




96 




8 














Total.. 


2,438 


4,240.935 


242 


20,38L723 


466 


1,946,875.42 


564 



* Engineer Head'a report. 

t District No. 4 omitted hecanse of incomplete record. 



t Seven reservoirs additional 
$ Unorganised district. 



Of this area of nearly 2,000,000 acres not more than 80,000 acres are 
under cultivation other than for stock purposes. 

For western Nebraska, an estimate is made (1839-'00) of 50,000 acres 
"unditch,^ and 6,000 under cultivation. 

The Senate committee report as follows, as a summary : 



Total area under diiek and irrigated. 



States and Territories. 



Under ditch. 



Caltivated 
by irrigation. 



Arizona 

California 

Colorado 

Idaho 

Kansas ^., 

Montana ,. 

Nebraska 

Nevada 

New Mexico. .« 

Oregon 

Spnth DakotA (Black Hills) 

Texas 

Utah 

Washington 

Wyoming .................. 

Total 



Aeret. 
455,000 

4,000.000 

8,000.000 
715,000 
300,000 
986,000 
50,000 
142, UOO 
800, UOO 
101,000 
100,000 
200.000 
700,000 
75,000 

1,047,000 



13, 661, 000 



Acrei, 

225,000 

8,300,000 

1,600,000 

500.000 

75,000 

B50,000 

5.000 

70,000 

825,000 

150.000 

15,000 

125,000 

413,000 

50,000 

75,000 



7, 578, 000 



Goo^k 
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The table presented on the authority of the Geological Survey makes 
a total estimate of 8,307,000 acres, as *' irrigated and under ditch ;^ cer- 
tainly an aggregate below the fact At date of this publication (June, 
1890) the area " under ditch ^ west of the ninety-eighth meridian of 
west longitude will not be less than 16,000,000 acres in extent; under 
cultivation it will reach at least 9,000,000, and is probably a million 
more. If the area "under ditch'' is as reported in the forgoing, the 
value for taxation purposes will not be less than $10 per acre, or a total 
valuation of $136,610,000, while that actually cultivated may be placed 
by a low valuation at $15 per acre, or a total of $125,270,000. And 
these being considered as assessor's figures may fairly be doubled. The 
cost of reclamation will certainly not exceed, all told, more than $7 

ir acre, or a total of $95,637,000. Indeed it is more probable that 

50,000,000 will cover the actual cost of reclaiming the area at present 
irrigated. 

The Senate committee made the following argument on tiie utility 
of irrigation. 

The amoant of land that may be brought under cnltivation in the arid region by 
irrigation is Tarionslv eetimated at from 75,000,000 to 150,000,000 acres. It is safe to 
predict that at least 100,000,000 acres wiU be ultimately brought under cultivation bv 
irrigation, and that, too, by the water in sight which, when properly utilized, will 
readily reclaim at least 10 per cent, of the whole arid area, it is worthy pf remark 
that land cultivated by irrigation is much more productive than land where the rain- 
fall is sufficient to produce crops. The certainty of crops every year in an irrigated 
country where the water supply is suffloient is a most important consideration. Be- 
sides, in nearly every part of the arid region more than one crop can be produced ea<A 
year from the same land, and a good crop is always certain with a constant water sap- 
ply. Irrigation requires unremitting attention and high cultivation and with snob 
attention and cnltivation it is calculated that in any given period of ten years irri- 
gated land will produce from three to five times as much as land cultivated by xmr 

The question for consideration is r What action should be taken by the Govern- 
ment to enable the people to reclaim these desert lands f The reclamation most be 
initiated and executed ey the people, and not by their Government. Bi India, Mid, 
in fasi, in aU countries under monarchial or despotic rule, the work of inigatioa 
has been carried on under Government control and largely with Government money. 
The Government of British India has alreadv expended several hundred millions of 
dollars in constrnetiag irrigation works, and is continuing such expenditures on a 
most magnificent scale. Tl^ reports show that the investment has been profitable 
to the Government and of the greatest possible advantage to the people. 

But there is no necessity for the United States to engage in such expenditures. 
If the opportunity is frimished to the people of this country they wiU reclaim these 
desert lands so far as reclamation is necessary. The use of industrial co-operation in 
developing the mineral resources of the far West demonstrates the capacity of the 
people for great undertakings, which in other countries require vast expenditures of 
accumulated capital. 
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LEGAL CONDITIONS OF IRRIGATION. 

THE CONSTITUTIONAL PROVISIONS AND LAWS OF THE SEYEBAL STATES 
AND TERRITORIES WITHIN THE ARID REGION IN RELATION TO WATER 
RIGHTS, PUBLIC CONTROL, AND BENEFICIAL USES, WITH A LIST OF 
CASES AND DECISIONS. 



PART V. 



Those who desire to anderstand the progress of irrigation will do well 
to carefully examine the constitational provisions adopted by the several 
States which are in whole or in part within the area of aridity. Until 
within a few years past very little attention has been paid to safeguards 
over natural property, such as water, and through the public control of 
which, for beneficial uses, can the security of industry alone be achieved^ 

Galifomia, Kevada, and Oregon, the three States first formed west 
of the eastern lines of industrial moisture, have made no constitutional 
provision affecting the public character of this use. In their statutes 
and before their courts the isues involved have constantly been acted 
Qpon. There has grown up or evolved out of the necessities of the 
people and the e^encies of the communities interested a great body 
of law, custom, regulation, and judicial interpretation, lliese start in 
general from the principle of prior apinropriation as wrought out by the 
earlier miners, and embodied in Federal law, and then by the States- 
and Territories, being steadily sustained by the courts, with a few 
exceptions, as the common law of an arid region such as ours. The 
development of the beneficial use of water has of course modified the^ 
practice of prior appropriations to a first or prior pro rata share of the 
natural waters, when takw from bed or source for industrial purposes. 

The people of Oolorado were the first to perceive both the just theory 
and the exacting conditions embodied in the public nature of water. 
Its constitution, therefore, becomes a starting point, as framed and 
adopted in 1875-^76. The sections relating to water rights and obliga- 
tions are as follows : 

CONSTITUTION OP CALIFORNU. 

WATER AKD WATER RIGHTS. 

Section 1. The use of all water now appropriated, or that may hereafter he appro- 
priated, for sale, rental, or distrihation, is hereby declared to be a public nse, and sub- 
ject to the regulation and control of the State, in the manner to be prescribed by law r 
Provided, That the rates or compensation to be collected by any person, company, or 
corporation in this State for the use of watet supplied to any city and county, or city 
or town, or the inhabitants thereof, shall be fixed annually by the board of supervis- 
ors, or city or town, by ordinance or otherwise, in the manner that other ordinances 
or legislative acts or resolutions are passed by such body, and shall continue in force 
for one year and no longer. Such ordinances or resolutions shall be passed in the 
month of February of each year, and take effect on the first day of July thereafter. 
Any board or body failing to pass the necessary ordinances or resolutions fixing water 
rates, where necessary, within such time, shall be subject to peremptory process to 
compel action at the suit of any party interested, and shall be liable to such further 
processes and penalties as the legislature may prescribe. Any person, company, or 
corporation collecting water rates, in any city and county, or city or town in this State, 
otherwise than as so established, shall forfeit the franchises and water-works of such 
person, company, or corporation, to the city and county,- or city or fowuj. where the^ 
same are collected for the public use. Digitized by N^Ul^ 
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Sscnox 2. The right to collect rates or compensation for the ose of water sapplied 
to any connty, city and county, or town, or the inhabitants thereof, is a francniae, 
4»nd cannot be exercised except by anthority of and in the manner prescribed by law. 

CONSTITUTION OP COLORADO. 

WATER RIGHTS— PRIORITIES AND BIGHTS THEREUNDER. 

I 

Articus XVI. Sec. 5. The water of every natural stream not heretofore appropriated^ 
within the State of ColomdOi is hereby declared to be the property of thepablic. and 
is dedicated to the nse of the people of the State, snbject to appropriation as here- 
inafter provided. 

Sec. 6. The right to divert unappropriated waters of every natural stream for bene- 
ificial uses s)iall never be denied. Priority of appropriation shall give the better ri^ht, 
as between those using the water for the same purpose ; but when the waters of any 
natural stream are not sufficient for the service of all those desiring the use of the 
same, those using the water for domestic purposes shall have the preference over thfi^se 
•claiming for any other purpose, and those using the water for agricultural pnrposes 
ehall have the preference over those using the same for manufiicturing purposes. 

Art. II. Sec. 14. Private property ahall not be taken for private use unless by 
t^onsent of the owner, except for private ways of necessity, and except for reservoirs, 
drains, flumes, or ditches, on or across the lands of others, for agricultural, mining, 
milling, domestic, or sanitary purposes. 

Art. II. Sec. 15. Private property shall not be taken or damaged for public or pri- 
vate nse without Just compensation. Such compensation shall be ascertained by a 
board of commissioners of not less than three freeholders, or b^ a Jury when required 
by the owner of the property, in such manner as may be prescribed by law, and until 
the same shall be paid to the owner, or into court for the owner, the property 
;8hall not be needlessly disturbed, or the proprietary rights of the owner therein 
invested [divested J ; and whenever an attempt is made to take private property for 
A use alleged to be public, the question whether the contemplated use be realljr public 
shall be a judicial qaestion, ana determined as such without regard to any le^^ative 
assertion that the use is public. 

Art. XYI. Sec. 7. All persons and corporations shall have the right of way across 
public, private, and corporate lands for the construction of ditches, canals* and 
names, for the purpose of conveying water for domestic purposes, for the irrigation of 
agricultural lands, and for mining and manufacturing purposes, and for mraina^^e, 
upon payment of Just compensation. 

Art. XVI. Sec. 8. The eeneral assembly shall provide by law that the board of 
•county commissioners in their respective counties shall have power, when application 
ts made to them by either party interested, to establish reasonable maximum rates to 
be charged for use of water whether furnished by individuals or corporations. 

Art. X. Sec. 3. Ditches, canals, and flumes owned and used by individnals or cor- 
porations for irrigating lands owned by such individaals or corporations, or the indi- 
vidual members thereof, shall not be separately taxed so long as they shall be owned 
And used exclusively for such purposes. 

CONSTITUTION OF IDAHO.* 

BILL OF RIGHTS. 

Article I. Sec. 14. The necessary use of lands for the construction of reaervoirsy 
•or storage basins, for the purposes of irrigation, or for rights of way for the oonstmc- 
tion of canals, ditches, flumes, or pipes, to convey water to the place of use, for any 
useful, beneficial, or necessary purpose, or for drainage, or for the drainage of mines, 
or the working thereof, by means of roads, railroads, tramways, ants, tunnels, shafts, 
hoisting works, dumps, or other necessaiy means to their complete development, or 
Auj other use necessary to the complete development of the material resources of the 
State, or the preservation of the health of its inhabitants, is hereby declared to be a 
public use, and subject to the regulation and control of the State. 

Private property may be taken for a public use, but not until a just compensation, 
to be ascertained in a manner prescribed by law, shall be paid therefor. 

WATER RIGHTS. 

Art. XY. Sec. 1. The use of all waters now appropriated, or that may hereafter 
t)e appropriated for sale, rental, or distribution ; also of all water originally appropro- 
ated lOT private use, but which after such appropriation has heretorore been, or may 

* These provisions and those of Montana, North Dakota, Washington and Wyoming, were all 
■adopted in 1889. /-^ i 
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hereafter be sold, rented, or distribated, is hereby declared to be a pnblio use, and 
subject to the regulation and control of the State in the manner prescribed bylaw. 

Sec. 2. The light to collect rates or compensation for the nse of water snpplied to 
an^ connty, city, ot town, or water district, or the inhabitants thereof, ^s a fran- 
chise, and can not be exercised except by authority of and in the manner prescribed 
by law. 

Sec. 3. The right to divert and appropriate the nnappropriated waters of any nat- 
ural stream to beneficial uses shall never be denied. Priority of appropriation shall 
give the better right as between those using the water; but when the waters of any 
natural scream are not sufficient for the service of all those desiring the use of the 
same, those nsin^ the water for domestic purposes shall ^subject to such limitations 
as may be prescribed by law) have the preference over those claiming for any other 
purpose ; and those using the water for agricultural purposes shall mtve preference 
over those using the same for manufacturiifg purposes. And in any organized mining 
district those using the water for mining purposes or milling purposes connected 
with mining, shall have preference over those using the same for manufacturing or 
agricultural purposes. But the usage by such subsequent appropriators shall be sub- 
ject to such provisions of law regulating the taking of private property for public 
and private nse, as referred to in section rourteen of Article I, of this constitution. 

Sec. 4. Whenever any waters have been, or shall be, appropriated or used for agri- 
cultural purposes, under a sale, reiital, or distribution thereof, such sale, rental, 
or distribution shall be deemed an exclusive dedication to such use ; and whenever 
such waters so dedicated shall have once been sold, rented, or distributed to any per- 
son who has settled upon or improved land for agricultural purposes with the view 
of receiving the benefit of such water under such dedication, such person, his heirs,, 
executors, administrators, successors, or assigns, shall not thereafter, without his 
consent, be deprived of the annual use of the same, when needed for domestic pur- 
poses, or to irrigate the land so settled upon or improved, upon payment therefor, 
and compliance with such equitable term«« and conditions as to the quantity used and 
times of use, as may be prescribed by law. 

Sec. 5. Whenever more than one person has settled upon or improved land with 
the view of receiving water for agricultural purposes under a sale, rental, or distri- 
bution thereof, as in the last preceding section of this article provided, as amon^ such 
persons priority in time shall give superiority of right to the use of such-water in the 
numerical order of such settlements or improvements ; but whenever the supftly of 
such water shall uot be sufficient to meet the demands of all those desiring to use tlie 
same, such priority of right shall be subject to such reasonable limitations as to 
the quantity of water used and times of use as the legislature, having due regard both 
to such priority of right and the necessities of those subsequent in time of settlement 
or improvement, may by law prescribe. 

Sec. 6. The legislature shall provide by law the manner in which reasonable max- 
imum rates may be established fo be charged for the use of water sold, rented, or dis- 
tributed for any useful or beneficial purpose. 

CONSTITUTION OF MONTANA. 

WATER RIGHTS. 

Section 1. The use of ail waters now appropriated, or that may hereafter be ap- 
priated, for sale, rental^ or distribution ; also, of all water originally appropriated 
for private use, but which, after such appropriation has heretofore been, or may 
hereafter be, sold, rented, or distributed, is hereby declared to be a public use, and 
subject to the regulation and control of the State in the manner prescribed by law. 

Sec. 2. The right t9 collect rates or compensation for the use of water supplied to 
any county, city, or 'town, or water district, or the inhabitants thereof, is a fran- 
chise, and can not be exercised except by authority of and in the manner prescribed 
by law. 

Sec. 3. The right to divert and appropriate the unappropriated waters of any 
natural stream to bent^ficial uses shall never be denied. Priority of appropriation 
shall give the better right as between those using the water for the same purpose ; 
but when the waters ot any natural stream are not sufficient for the service of all 
those desiring the use of the same those usin^ the water for domestic purposes shall 
(subject to such limitations as may be prescribed by law) have the preference o\rer 
those claiming for any other purpose, and those using the water for agricultural 
purposes shall have preference over those using the same for manufacturing pur- 
poses. 

Sec. 4, All persons and corporations shall have the right of way across public, pri- 
vate, and corporate lands for the construction and maintenance of canals, ditches, 
flumes, or pipes for the purpose of conveying water to the place of use,, for aiw nse- 
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ful or beneficial parpose, and for drainage apon paying therefore a just compensation 
in the manner prescribed by \&w. 

Sec. 5. Whenever anv waters have been, or shall be, appropriated or nsed for ag- 
rionltnral purposes under ajsale, rental, or distribution thereof, such sale, rental, or 
distribution shall be deemed an ezcluslTe dedication to such use ; and whenever such 
waters so dedicated shall have ever been sold, rented, or distributed to any person wbo 
has settled upon or improved land for agricultural purposes with a view of receiving 
the benefit of such water under such dedication, such person, his heirs, executors, ad- 
ministrators, successors, or assigns shall not thereafter without his consent be de- 
prived of the annual nse of the same when needed for domestic purposes, or to irri- 
gate the land so settled upon or Improved, upon payment therefor and compliance 
with such equitable terms and conditions as to the quantity used and times of use as 
may be prescribed by law. 

Sec. 6. Whenever more than one person has settled upon or improved land with 
the view of receiving water fix agricultnral purposes under a sale, rental, or distri- 
bution thereof, as in the last preceding section of this article provided, as among 
such persons prioritv in time shall ffive superiority of right to the nse of such water 
in the numerical order of such settlements or improvements; but whenever the sup- 
ply of such water shall not be sufficient to meet the demands of all those desiring to 
use the same, such priority of right shall be subject to such reasonable limitations as 
to the quantity of water used and times of nse as the legislative assembly, having 
4ue reeard both to such priority of right and the necessities of those subsequent in 
time of settlement or improvement, mav by law prescribe. 

Sec. 7. The legislative assembly shall provide by law the manner in which reason- 
Mle maximum rates may be established to be charged for the use of water sold, 
.rented, or distributed for any useful or beneficial purpose. 

CONSTITUTION. OF NEW MEXICO. 
[Propoaed article.] 
MINING AND WATER RIGHTS. 

Art. XIV. Sec. 5. Whenever by priority of possession rights to the nse of water 
^or mining, agriculture, manufacturing, or other purposes nave vested and accrued 
the possessors and owners of such vested rights shall be maintained and protected 
in the same, and the right of way for the construction of ditches and canals for the 
purposes herein specific is acknowledged and con6rmed subject to the restrictions 
of this constitution as to taking property for public or private use. 

CONSTITUTION OF NORTH* DAKOTA. 

Art. XVlI. Sec. 210. All flowing streams and natural water-courses shall forever 
remain the property of the State for mining, irrigating, and manufacturing purposes. 

CONSTITUTION OF WASHINGTON. 

WATER AND WATER RIGHTS. 

Art. XXI. Sec. 1. The use of the waters of this State for irrigation, mining, and 
manufacturing purposes shall be deemed a public nse. 

CONSTITUTION OF WYOMING. 

[Proposed article.] 

declaration of rights. 

Art. I. Sec. 31. Water being essential to industrial prosperity, of limited amount, 
and easy of diversion from its natural channels, its control must be in the State, 
which in providing for its use shall equally guard all the various interests involved. 

Sec. 32. Private property shall not be taken for private use unless by consent of • 
the owner, except for private ways of necessity, and for reservoirs, drains, flumes, 
or ditches on or across the lands of others for agricultural, mining, milling, domestic, 
or sanitary purposes, nor in any case without mie compensation. 
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IBBIOATION AND WATER RIGHTS. 

Art. VIII. ^bc. 1. The water of all na^ral streams, springs, lakes, or other t)ol- 
lectioD of still water, within the boandariee of the State, are hereby declared to be 
the property of the otate. 

Sec. 2, There shall be constituted a board of control, to be composed of the State 
'engineer and superintendents of the water divisions, which shall, ander such regu- 
lations as may be prescribed by law, have the supervision of the waters of the State 
and of their appropriation, distribution, and diversion, and of the various officers 
<;oimected therewith, its decisions to be sublect to review by the courts of the State. 

Sec. 3. Priority oi application for beneficial uses shall give the better right. No 
apl>ropriation shall be denied, except when such denial is demanded by the public in- 
terests. 

Sec. 4. The legislature shall by law divide the State into four water divisions, and 
provide for the appointmrait ci superintendents thereof. 

Sec. 5. There snail be a State engineer, who shall be appointed by the governor of 
the State and confirmed by the senate : he shall hold his office for the term of six 
years, or until his successor shall have oeen appointed and shall have qualified. He 
shall be president of the board of control, and shall have general supervision of the 
water of the State and of the officers connected with its distribution. No person shall 
be appointed to this position who has not such theoretical knowledge and such prac- 
tical experience and skill as shall fit him for the position. 

CORPORATIONS. 

• 

Art. X. Sec. 1. The legislature shall provide for the organization of corporations by 

feneral law. All laws relating to corporations may be altered, amended, or repealed 
y the legislature at any tim6 when necessar^r for the public good and general wel- 
fare, and all corporations doiuff business In this State may as to such buednessbe reg- 
ulated, limited, or restrained by law not in confiict with the Constitution of the 
United Srates. 

Sec. 2. All powers and franchises of corporations are derived from the people, and 
are grant 'ed by their agent, the Government, for the public ffood and general welfare, 
«&d the right and duty of the State to control and regulate them for these purposes is 
hereby declared. The power, rights, and privileges of any and all corporations may 
be forfeited by willful neglect or abuse thereof. The police power of the State is su- 
preme over all corporations as well as individuals. 

Sec. 3. All existing charters, franchises, special or exclusive privileges under which 
an actual and bona fine organization shall not have taken place for the purpose for 
which formed and which shall not have been maintained in good faith to the time of 
he adoption of this constitution, shall thereafter have no validity. 
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LAWS RELATING TO IRRIGATION, WATER CONSERVATION AND DIS- 
TRIBUTION. 

ARIZONA IRRIGATION LAWS. 
Waters and Water Rights. 
Chapter L-^Biparian rights, 

3198. (Sec. 1.) The oommon-law doctrine of riparian rights shall not obtain or be 
of any force or effect in this Territory. 

(Chapter 2. — Irrigating canals and acequias, 

3199. (Sec. 1.) All rivers, creeks, and streams of running water in the Territory of 
Arizona are hereby declared pablic and applicable to the purposes of irrigating and 
mining, as hereinafter provided. 

3200. (Sec. 2.) All rights in aceqnias, or irrigating canals, heretofore established 
shall not be disturbed, nor shall the course of such aceqnias be changed without the 
consent of the proprietors of such established rights. 

3201. (Sec. 3.) All the inhabitants of this Territory who own or possess arable and 
irrigable lands shall have the right to construct public or private aceqnias, and ob- 
tain the necessary water for the same from any convenient river, creek, or stream of 
running water. 

3202. (Sec. 4.) Whenever such public or private aceqnias shall necessarily ron 
through the lands of any private individuals not benented by said aceqnias, the 
damages resulting snch private individuals, on the application of the party inter- 
ested, shall be assessed by the probate judge of the proper county in a snmmary 
manner. 

3203. (Sec. 5.) No inhabitant of this Territory shall have the right to erect any dam, 
or build a mill, or place any machinery, or open any sluice, or make any dyke, except 
such as are used for mining purposes or the reduction of metals, as provided for m 
sections 6 and 7 of this chapter, that may impede or obstruct the irrigation of any 
lands or fields, as the right to irrigate the fields and arable lands shall be preferable 
to all others ; and the Justices of the peace of the respective precincts shall hear and 
determine the question relative to all such obstructions in a summary manner, and 
cause the removal of the same by order directed to the constable of the precincts or 
sheriff of the county, who shall proceed to execute the same witnout delay. 

3204. (Sec. 6.) Where reduction works or other mining apparatus shall be placed 
upon lands previously held for agricultural purposes, or persons so holding such lands 
shall be entitled to remuneration from person or persons erecting or owning said 
reduction works or mining apparatus, the amount of remuneration shall be adjudged 
by three or five disinterested persons, or by the probate judge, as the parties inter- 
ested shall SLgieQ ; and in case snch agreement can not be made, then the party injured 
may bring suit for damages. 

3205. (Sec. 7.) When any ditch or acequia shall be taken out for agricultural pur- 
poses, the person or persons so taking out such ditch or acequia shall have the ex- 
clusive right to the water, or so much thereof as shall be necessary for said purposes; 
and if at any time the waters so required shall be taken for mining operations, the 
person or persons owning said water shall be entitled to damages to be assessed in tiie 
manner provided in section 6 of this chapter. 

3206. (Sec. 8.) All by-paths or footpaths across any cultivated fields are prohibited, 
under penalty of a fine not to exceed $10 for the public acequia, to be assessed in a 
summary manner bv the justice of the peace of the precinct ; and if the person so 
offending shall not have wherewith to pay the fine, he shall be adjudged and sen- 
tenced to ten days on the public acequia. 
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3207. (See. 9.) All owners of arable aud irrigable land bordering on, or irrigable by, 
any public aceqnia, shall labor on such public acequia, whether such owners or pro- 
prietors (yiltiyate the land or not. 

3208. (Sec. 10.) All persons interested in a public acequia, whether owners or les- 
sees of land, shall labor thereon in proportion to the amount of laud owned or held 
by them, and which may be irrigated or subject to irrigation. 

3209. (Sec. 11.) It being impracticable to properly inclose the fields in this T'erri- 
tory, all animals shall be kept under a shepherd so that no injury may result to the 
fields ; and if any damage should result, it shall be paid by the owners of the animals 
causing the same, to be assessed by the justice of the peace of the precinct in a sum- 
mary maonei:, and paid to the person or persons whose fields may have been dam- 
aged. I 

3210. (Sec. 12.) In case a community or people desire to construct an acequia in 
any part of this Territory, and the persons desiring to construct the same are the 
owners or proprietors of the land upon which they design constructing the said 
acequia, no one shall be bound to pay damages for such land, as all x>er6ons intertjstod 
in the coustruotlon of the said acequia are to be benefited thereby. 

3211. (Sec. 13.) Immediately after the publication of this chapter, it shall be the 
duty of the several justices of the peace in this Territory to call together, in their 
respective precincts, all the owners and proprietors of land, irrigated by any public 
acequia, for the purpose of electing one or more overseers for said acequia for the 
corresponding year. 

3212. (Sec. 14.) The manner of conducting such elections, and the number of over- 
seers, shfJl be regulated by the justices of the peace of their respective precincts; 
and the only persons entitled to vote at said elections shall be the owners and pro- 
prietors of lands irrigated by said aceqnias. 

3213. CSec. 15.) The pay and perquisites of said overseer shall be determined by a 
majority of the owners and proprietors of the lands irrigated by said aceqnias, and 
paid by them. 

3214. (Sec. 16.) It shall be the duty of the overseers to superintend the opening, 
excavations, and repairs of said aceqnias ; to apportion the number of laborers fur- 
nished by the owners, and proprietors; to regulate them according to the quantity of 
land to be irrigated by each one from said acequia, to distribute and apportion the 
water in proportion to the quantity to which each one is entitled according to the 
land cultivated by him; and, in making such apportionment, he shall take into con- 
sideratioB the nature o4' the seed sown or planted, the crops and plants cultivated, 
and to conduct and carry on such distribution with justice and impartiality. 

3215. (Sec. 17.) During years when a scarcity of water shall exist, owners of fields 
shall have precedence of the water for irrigation, according to the dates of their re- 
spective titles or their occupation of the lands, either by themselves or their grantors. 
The oldest titles shall have precedence always. 

3216. (Sec. 18.) Jt shall be the duty of each of the owners and proprietors to furnish 
the number of laborers required by the overseer, at the time and place he may desig- 
nate, for the purposes mentioned in the foregoing section, and for the time he may 
deem necessary. 

^17. (Sec. 19.) If any overseer of any public acequia, after having undertaken to 
serve as such, shall willfully neglect or refuse to fulfill the duties required of him by 
this chapter, or conduct himself with impropriety or injustice in his office as overseer ; 
or take any bribe in money, property, or otherwise, as an inducement to act improp- 
erly ; or neglect the duties ot his office, he shall be fined for each of said offenses in 
a sam not exceeding $100 nor less than $50, to be recovered before any justice of the 
peace of the county — one-half of which shall be paid to the county and the other 
half to the person bringing suit for the same — the said suit to be brought in the 
name of the Territory of Arizona ; and said overseer, on being convicted a second 
time, shall be removed from his office by the justice of the peace of the precinct, and 
shall take such pay and perquisites as may be due him for services rendered. 

^18. (Sec. 20.) Upon such removal, the justice of the peace shall order a new elec- 
tion to fill the vacancy thereby occasioned, which shall be conducted in the manner 
prescribed in the thirteenth and fourteenth sections of this chapter. 

^19. (Sec. 21. ) If any owner or proprietor of land irrigated by such acequia shall 
neglect orrefuse to furnish the number of laborers required by the overseer, as required 
in the eighteenth section of this chapter after having been duly notified by the over- 
seer, he shall be fined for each offense in a sum not exceeding $10 for the benefit of said 
acequia, which shall be recovered by the overseer before any justice of the peace in 
the county, and in such cases the overseer shall be a competent witness to prove the 
offense or any fact that may serve to constitute the same. 

3220. (Sec. 22.) If any person shall in any manner interfere with, impede, or ob- 
struct any of said aceqnias, or use the water from it without the consent of the over- 
seer, except as provided in section 7 of this chapter during the time of cultivatioilj 
he shall pay for each offense a sum not exceeding $10, which shall berxecoverable ixi 
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the inaDoer prescribed in the foregoing section for the benefit of said aceqnia; and he 
flliall further pay all damages that may have accrued to the injured parties, and, if 
such person have not wherewith to pay said fine and damages, he shall be sentenced 
to fifteen days' labor on said public aceqnia. 

3221. (Sec. 23.) All fines and forfeitures received for the use and benefit of any pnb- 
lic aceqnia shall be applied by the overseers to the improvements, excavations, and 
repairs which may be necessary on said aceqnia, and for the constroction of bridges 
where they may be crossed by any public street or road. 

3^2. (Sec. 24.) In all cases of conviction under this chapter an appeal shall be al- 
lowed to the probate coui*t, which appeal shall be taken and conducted as all other 
appeals from the decisions of the justices of the peace. 

3223. (Sec. 25.) The regulations of acequias, which have been worked according to 
the laws and customs of Sonora and the usages of the people of Arizona, shall remain 
as they were made and used up to this day ; and the provisions of this chapter shall 
be enforced and observed from the day of its publication. 

3224. (Sec. 26.) All plants and trees of any description growing on the banks of 
any aceqnia shall belong to the owners of the land through which said acequia may 
run. 

3225. (Sec. 27.) Any person owning lands which may include a spring or stream of 
running water, or owning lands upon a river where there is not population sufficient 
to form a public acequia, may construct a private acequia for his own uses, subject 
to his own regulations, provided it does not interfere with the rights of others. 

3226. (Sec. 28.) All laws conflicting with the provisions of this chapter are hereby 
repealed. 

[Note. — The foregoing chapter is compiled and taken from the Compiled Laws, 
Chapter LV, page 528. There was no legislation upon the subject by the fourteenth 
legidlature (1887), and, this chapter remained unchanged.] 

Chapter 3 — Ditch Crossings* 

3227. (Sec. 1.) Any person, corporation or company, owning or nsing any ditch or • 
canal constructed for the purpose of conveying water, shall construct and maintmn 
suitable crossings wherever said ditch or canal crosses any public highway, or usually 
traveled road of this Territory ; said crossing shall be maintained as loliows : 

From the bottom of the ditch in the roadway there shall be a uniform rise of iidt 
more than 1 foot in 3 to the top of the embankment ; either side the ditch shall be 
graveled or macadamized with stone to a depth of not less than 10 inches from the ^ 
top of one embankment to the other, and the macadamized or paved road across any 
of said ditches shall not be less than 14fbet wide^; provided, that any person or per- 
sons, corporation or company may at any of said crossings constractaml build a good 
and substantial bridge to be approved of by the road overseers of the district. 

3228. (Sec. 2.) The road overseer of each of the districts in the several eoauties in 
this Territory shall have supervision of said crossings, and it shall be his duty to see 
that the several ditch crossings in his district are constrncted and maintained as pro- 
vided in the preceding section. 

3229. (Sec. 3.) For neglect or refusal of any person or persons, corporation or com- 
pany, whose duty it shall be to construct or maintain such crossings as provided for 
in section 1, for the period of ten days after being notified in writing by the road 
overseer of the district in which any such crossing needs construction or repair that 
such construction or repair is required, such person, cor^ioration or company shall be 
guilty of a misdemeanor, and upon conviction thereof before a justice of the peaee 
of any such precincts, shall be fined not less than $10 or more than $100 for the first 
oifense ; and of not less than $25 nor more than $250, and the costs of prosecution, 
for each subsequent offense; provided, that whenever such highway or road is con- 
structed, after the construction of such ditch or canal, it shall be the duty of the 
road overseer of the district to construct and maintain such crossing at the expense 
of the road fund of the district, and if the same be at any time insufficient, the same 
shall be paid out of the general fund in the county treasury, to be chargeable to and 
thereafter collected from such road fund. 

3230. (Sec. 4.) All funds collected under the provisions of this act shall be paid into 
the road fund of the district, wherever such crossings are required. 
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THE IRRIGATION LAWS OF CALIFORNIA. 
Weight Irriga.tion Bill and Amendments, 1889. 

Ah Act to provi«le for th« organization and government of irrigation districts and to provide for th& 
a«*/qni8ition of water and other property, and for the distribution of water thereby for irrigation 
purposes. ' 

Skction 1. Whenever fifty or a miyority of freeholders owning lands susceptible 
of one mode of irrt^ation from a common source, and by the same system of works, de- 
sire to provide for the irrigation of the same, they may propose the organization of an 
irrigation district nndel* the provisions of this act, and when so organized such district 
sImTl have the powers conferred or that may hereafter be conferred by law upon siich 
iiHgation district. 

Skc. 2. A petition shall first be presented to the board of supervisors of the county 
in which the lands or the greatest portion thereof is situated, signed by the required 
uum tier of freeholders of such proposed district, which petition shall set forth and 
p.titicnlarly describe the proposed boundaries of such district, and shall pray that 
tho same may be or^nized under the proviwons of this act. The petitioners must 
accompany the petition with a good and sufficient bond, to be approved by the said 
board of supervisors, in double the amount of the probable cost of organizing such 
district, conditioned that the bondsmen will pay all 8ai4 cost in case said organization 
shall not be effected. Such petition shall be presented at a regular meeting of the 
sai«l board, and shall be published for at least two weeks before the time at which the 
same is to be presented, in some newspaper printed and published in the county 
where said petition is presented, together with a notice stating the time of the meet- 
ing at which the same will be presented^ When such petition is presented, the said 
board of Supervisors shall hear the same, and may adjourn such hearing from time to 
time, not exceeding four weeks in all ; and on the final hearing may make such 
changes in the pioposed boundaries as they may find to be proper, and shall estab- 
lish and define such botkndaries: Frovidedy That said board shall not modify said 
boundaries so as to except firom the operation of this act any territory within the 
bonndaties of the district proposed by said petitioners, which is susceptible of irriga- 
gation by the same system of works applicable to the other lands in such proposed' 
district, nor shall any lands which will not, in tlie judgment of the said board, be 
benefited by irrigation by said system be included within such district: PrOindedj 
That any person whose lands are susceptible of irrigation from the same source shall, 
upon application of the owner to said board, be entitled to have such lands included 
in said district. Said board shall also make an order dividing said district into five 
divisions, as nearly equal in size as may be practicable, which shall be numbered 
first, second, third, fourth, and fifth, and one director shall be elected from each dis- 
trict. Said board of supervisors shall then give notice of an election to be held in 
sueh proposed district, for the purpose of determining whether or not the same shall 
be organized under the provisions of this act. Such notice shall describe bonadaries 
so established, and shall designate a name for such proposed district, and said notice 
shall be published for at least throe weeks prior to such election in a newspaper pub- 
lisbe*! within said county ; and if any portion of such proposed district lie within 
another county or counties, then said notice shall be published in a newspaper pub- 
lished within each of said counties. Such notice shall require the electors to cast 
ballots which shall contain the words, "Irrigation district — Yes," or, ''Irrigation 
di«trJct — No," or words equivalent thereto ; and also the names of persons to be voted 
for to fill the various elective offices hereinafter prescribed. No person shall be enti- 
tled to* vote at any election held under the provisions of this act unless he shall pos- 
sess all the qualifications required of electors under the general election laws of this 
State. 

Sec. 3. Snoh election shall be conducted in accordance with the general election 
laws of the State, provided that no particular form of ballot shall be required. The 
said board of supervisors shall meet on the second Monday next succeeding such 
election, and proceed to canvass the votes thereat ; and if upon such canvass it appear 
that At least two-thirds of all the votes cast are " Irrigation district— Yes," the said 
board shall, by an order entered on their minutes, declare such territory duly organ- 
ized as au irrigation district, under the name and style theretofore designated, and 
shall declare the persons receiving, respectively, the highest number of votes fot such 
several offices to be duly elected to such offices. Said board shall cause a copy of 
such order, duly certified, to be immediately filed for record in the office of the county 
recorder of each county in which any portion of such lands are situated, and must also 
immediately forward a copy thereof to the clerk of the board of supervisors of each 
of the counties in which any portion of the district may lie; and no board of super- 
viHors frfany county, including any portion of such district, shall, after the date of 
tbvopganifitioa of sneh districti allow another district to be formed inoluding any of 
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the lands in each district, without the consent of the board of directors thereof; and 
from and after the date of sach filing, the organization of such district shall be com- 
plete, and the officers thereof shall be entitl^ to enter immediately upon the da ties 
of their respective offices, upon qualifying in accordance with law, and shall hold 
such offices, respectively, until their successors are elected and qualified. For the 
purposes of the election above provided for, the said board of 'sapervJ[sors roust es- 
tablish a convenient number oi election precincts in said proposed district, and defiue 
the boundaries thereof, which said precincts may thereafter be changed by the board 
of directors of such district. 

Sec. 4. An election shall be held in such district on the first Wednesday in April, 
eighteen hundred and eighty-eight, and on the first Wednesday in April in each sec- 
ond year thereafter, at which an assessor, a collector, and a treasurer, and a board of 
five directors for the district shall be elected. The person receiving the highest num- 
ber of votes for any office to be filled at such election is elected thereto. Within ten 
days after receiving their certificates of election, hereinafter provided for, said officers 
shall take and subscribe the official oath and file the same in the office of the board 
of directors. The assessors shall execute an official bond in the sum of ten thousand 
dollars, and the collector an official bond in the sum of twenty thousand dollars, and 
the district treasurer an official bond in the sum of fifty thousand dollars ; each of 
said bonds to be approved by the board of directors; and each member of said board 
of directors shall execute an official bond in the sum of twenty-five thousand dollars, 
which said bonds shall be approved by the judse of the superior court of said county 
where such organization was effected and shaUbe recorded in the office of the county 
recorder thereof, and filed with the secretary of said board. All official bonds herein 
provided for shall be in form prescribed by law for the official bonds of county officers. 

Sbc. 5. Fifteen days before any election held under this act, subsequent to the 
organization of any district, the secretary of the board of directors shall cause notice 
to be posted in three public places in each election precinct of the time and place of 
holding the election, and shall also post a general notice of the same in the office of 
said board, which shall be established and kept at some fixed place to be determined 
by said board, specifying the polling places of each precinct. Prior to the time for 
posting the notices, the board must appoint for each precinct, from the electors 
thereof, one inspector and two judges, who shall constitute a board of election for 
such precinct. If the board fail to appoint a board of election, or the members ap- 
pointed do not attend at the opening of the polls on the morning of election, the 
electors of the precinct present at that hour may appoint the board, or supply the 
place of an absent member thereof. The board of directors mast, in its order appoint- 
ing the board of election, designate the house or place within the precinct where the 
election must be held. 

Sec. 6. The inspector is chairman of the election board, and may : 

First. Administer all oaths required in the progress of an election. 

Second. Appoint Judges and clerks, if during the progress of the election any judge 
or clerk cease to act. Any member of the board of election, or any clerk iJiereof, may 
administer and certify oaths required to be administered during the progress of an 
election. The board of election for each precinct must, before opening the polls, ap- 
point two persons to act as clerks of the election. Before opening the polls, each 
member of the board and each clerk must take and subscribe an oath to faithfully 
perform the duties imposed upon them by law. Any elector of the precinct may ad- 
minister and certify such oath. The polls must be opened one hoar after sunrise on 
the morning of the election, and be kept open until sunset, when the same must be 
closed. The provisions of the Political Code concerning the form of ballots to be used 
shall not apply to elections held under this act. 

Sec. 7. Voting may commence as soon as the polls are opened, and may be con- 
tinued during all the time the polls remain opened, and shall be conducted as nearly 
as practicable in accordance with the provisions of chapter nine of title two of part 
three of the Political Code of this State. As soon as the polls are closed, the judges 
shall open the ballot-box and commence counting the votes ; and in no case shall the 
ballot-box be removed from the room in which the election is held until all the ballots 
have been counted. The counting of ballots shall in all cases be public. The ballots 
shall be taken out, one by one, by the inspector or one of the judges, who shall open 
them and read aloud the names of each person contained therein, and the office for 
which every such person is voted for. Each clerk shall write down each office to be 
filled, and the name of each person voted for for such office, and shall keep the number 
of votes by tallies as they are read aloud by the inspector or judge. The counting of 
votes shall be continued without adjournment until all have been counted. 

Sec. 8. As soon as all the votes are read off and counted a certificate shall be drawn 
up ou each of the papers containining the poll list and tallies, or attached thereto, 
stating the number of votes each one voted for has received, and designating the 
office to fill which he was voted for, which number shall be written in figures and in 
words at full length. Each certificate shall be signed by the olerk,^ jaSgei aad the 
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inspector. One of said certificates, with the poll list, and tally paper to which it is 
attached, shal) he retained hy the inspector, and preserved by him at lea^t six 
months. The ballots shall be strung upon a cord or thread by the inspector, dnring 
the counting thereof, in the order in which they are entered upon the tally list by 
the clerks ; and said ballots, together with the other of said certificates, with the poll 
list and tally paper to which it is attached, shall be sealed by the inspector in the 
presence of the judges and clerks, and indorsed "Election returns of (naming the 
precinct) precinct," and be directed to the secretary of the board of directors, and 
Hhall be imi3fediately delivered by the inspector, or by some other safe and responsi- 
ble carrier designated by said inspector, to said secretary, and the ballots shall be 
kept unopened for at least six months, and if any person be of the opinion that the 
vote of any precinct has not been correctly counted, he may appear on the day ap- 
pointed for the board of' directors to open and canvass the returns, and demand a 
recount of the vote of th« precinct that is so claimed to have been incorrectly counted. 

Sec. 9. No list, tally paper, or certificate returned from any election shall be set 
aside or rejected for waSit of form if it can be satisfactorily understood. The board 
of directors must meet at its usual place of meeting on the first Monday after each 
election to canvass the returns. If at the time of meeting the returns from each pre- 
cinct in the district in which the polls were opened have been received, the board of 
directors must th'en and there proceed to canvass the returns ; but if all the retarns 
have not been received the canvass must be postponed from day to day until all the 
returns have been received, or until six postponements have been had. The canvass 
most be made in public and by opening the returns and estimating the vote of the 
district for each person voted for and declaring the result thereof. 

Sec. 10. Thesecretafry of the board of directors must, as soon as the result is declared, 
enter in the records of such board a statement of such result, which statement must 
show : 

First. The whole number of votes cast in the district. * 

Second. The names of the persons voted for. 

Third. The office to fill which each person was voted for. 

Fourth. The number of votes given in each precinct to each of such persons. 

Fifth. The number of votes given in the district to each of such persons. 

The board of directors must declare elected the person having the highest number 
of votes given for each office to be filled by the votes of the district. The secretary 
must immediately make out and deliver to such person a certificate of election signed 
by him and authenticated with the seal of the board. In case of a vacancy in the 
office of assessor, tax collector, or treasurer, the vacancy shall be filled by appoint- 
ment by the board of directors. In case of a vacancy in the office of member of the 
board of directors, the vacancy shall be filled by appointment by the board of super- 
visors of the county where the office of such board is situated. An officer appointed 
as above provided shall hold his office until the next regular election for said dis- 
trict, and until his successor is elected and qualified. 

Sec. 11. On the first Wednesday in May next following their election the board of 
directors shall meet a«id organize as a board, elect a president from their number, and 
appoint a stecretary. The board shall have the power, and it shall be their duty, to 
manage and conduct the business and affairs of the district, make and execute all 
necessary contracts, employ and appoint such agents, officers, and employes as may 
be required, and prescribe their duties, establish equitable by-laws, rules, and regula- 
tions for the distribution and use of water among the owners of said lands, and gen- 
erally to perform all such acts as shall be necessary to fully carry out the purposes of 
this act. The said by-laws, rules, and regulations must be printed in convenient form 
for distribution in the district. And it is hereby expressly provided that all waters 
distributed for irrigation purposes shall be apportioned ratably to each laud owner 
upon the basis of the ratio which the last assessment of such owner for district pur- 
poses within said district bears to the whole sum assessed upon the district : Provided, 
That any land owner may assign the right to the whole or any portion of the waters 
so apportioned to him. 

Sec. 12. The board of directors shall hold a regular monthly meeting in their office 
on the first Tuesday in every month, and such special meetings as may be re(inired 
for the proper transaction of businesis: Provided, That all special meetings must be 
ordered by a majority of the board ; the order must be entered of record, and five 
days' notice thereof must, by the secretary, be given to each membe not joining in 
the order. The order must specify the business to be transacted, and none other than 
that specified must be transacted at such special meeting. All meetings of the board 
must be public, and three members shall constitute a quorum for the transaction of 
business, but on all questions requiring a vote there shall be a concurrence of at 
least three members of said board. All records of the board shall be open to the in- 
spection of any elector during business hours. The board and its agents and em- 
ployes shall have the right to enter upon any land in the district to mako surveys, 
and may locate the line for any canal or canals, and the necessary branches for the 
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same, on any of sahl lands whicb may be deemed best for such location. Said board 
shall also have the right to acquire, either by purchase or condemnation, all lands 
and waters and other property necessary for the construction, use, supply, mainte- 
nance, repair, and improvement of said canal or canals and works, including canals 
and works constructed and being constructed by private owners, lands for reservoirs, 
for the storage of needful waters and all necessary appurtenances. In case of pur- 
chase the bonds of the district, hereinafter provided for, may be used at their par 
value in payment; and in case of condemnation the board shall proceed in the name 
of the district under the provisions of title seven of part three of the code of civil 
procedure. Said board may also construct the necessary dams, reservoirs, and works 
ibr the collection of water for said district, and do any and e>ery lawful act neces- 
sary to be done, that sufficient water may be furnished to each kind owner in said 
district for irrigation purposes. . The use of all water required for the irrigation of 
the lands of any district formed under the provisions of this act, together with rights 
of way for canals and ditches, sites for reservoirs, and all other property re<|tHred in 
fully carrying out the provisions of this act, is hereby declared to be a public iwe, 
subject to the regulation and control of the State in the manner prescribed by law. 

Sec. 13. The legal title to all property acquired under the provisions of this act 
shall immediately and by operation of law vest in such irrigation district, and shall 
be held by such district in trust for and is hereby dedicated and set apart to the uses 
^ and purposes set forth in this act. And said board is hereby authorized and empow- 
ere<l to hold, use, acquire, manage, occupy, and possess said property as herein pro- 
vided. 

Sec. 14. The said board is hereby authorized and empowered to take conveyances 
or other assurances for all property acquired by it under the provisions of this act in 
the name of such irrigation district, to and for the uses and purposes herein expressed, 
and to institute and maintain any and all actions and proceedings, suits at law or 
in e<imty, necessary or proper in order to fully carry out the provisions of this act, 
or to enforce, maintain, protect, or preserve any and all rights, privileges, and immu- 
nities created by this act or acquired in pursuance thereof. And in all courts, ac- 
tions, suits, or proceedings the said board may sue, appear, and defend, in p^son or 
by attorneys, and in the name of such irrigation district. 

Sec. 15. For the purpose of constructing necessary irrigating canald and works and 
acquiring the necessary property and rights therefor, and otherwise carrying out the 
provisions of this act, the board of directors of any such district must, as soon a^r 
such district has been organized as may be practicable, estimate and determine the 
amount of money necessary to be raised, and shall immediately thereupon call a spe< 
cial election, at which shall be submitted to the electors of such district possessing the 
qualifications prescribed by this act the question whether or not the bonds of said 
district shall be issued in the amount so determined. Notice of such election must be 
given by posting notices in three public places in each election precinct in said dis- 
trict for at least twenty days, and also by publication of such notice in some news- 
paper published in the county where the office of the board of directors of such dis- 
trict is required to be kept once a week for at least three successive weeks. Such 
notices must specify the time of holding the election, the amount of bonds proposed 
to be issued, and said election must be held and the result thereof determined and de- 
clared in all respects as nearly as practicable in conformity with the provisions of 
this act governing the election of officers : Provided, That no informalities in conduct- 
ing such an election shall invalidate the same if the election shall have been other- 
wise fairly conducted. At such election the ballots shall contain the words, ** Bonds — 
Yes," or ** Bonds— No," or words equivalent thereto. If a minority of the votes cast 
are "Bonds — Yes," the board of directors shall immediately cause bonds in said 
amount to be issued ; said bonds shall be payable in gold coin of the United States in 
installments as follows, to wit : At the expiration of eleven years not less than five 
per cent, of said bonds ; at the expiration of twelve years not less than six percent. ; 
at the expiration of thirteen years not less than seven per cent. ; at the expiration of 
fonrteen years not less than eight yer cent. ; at the expiration of fifteen years not 
less than nine per cent. ; at the expiration of sixteen years not less than ten per cent. ; 
at the expiration of seventeen years not less than eleven per cent. ; at the expiration 
of eighteen years not less than thirteen per cent. ; at the expiration of nineteen years 
not less than fifteen per cent.; and for the twentieth year a percentage sufficient to 
pay off said bonds ; and shall bear interest at the rate of six per cent, per annum, pay- 
able semi-annually on the first day of January and July of each year. The principal 
and Interest shall be payable at the office of the treasurer of the district. Said bonds 
shall be each of the denomination of not less than one hundred dollars, nor more than 
five hundred dollars, shall be negotiable in form, signed by the president and secre- 
tary, and the seal of the board of directors shall be affixed thereto. They diaU be 
numbered consecutively as issued, and bear date at the time of their issue. Coupons 
for the interest shall be attached to each bond signed by the secretary. Said lionds 
shall express on their face that they were issued by authority of this act, stating its 
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title and date of approval. The secretary shall keep a record of the bonds sold, their 
Bamber, the date of sale, tjie price received, and the name of the purchaser. 

Sec. 16. The board may sell said bonds from time to time* in snch quantities as may 
be neoessary and most advantageous to raise money for the construction of said 
canals and works, the acquisition of said property and rights, add otherwise to fully 
carry out-the objects and purposes of this act. Before making any sale the board 
shall, at a meeting, by resolution, declare its intention to sell a 8|>ecified amount of 
the bonds and the day and hour and place <^ such sale, and shall cause such resolution 
to he entered in the minutes, and notice of the sale t6 be given by publication thereof 
-at least twenty days in a daily newspaper published in each of the cities of San Fran- 
cisco, Sacramento, and Los Angeles, and in any other newspaper, at their discretion. 
The notice shall state that sealed proposals will be received by the board at their 
office for the purchase of the bonds till' the >day and hour named in the resolution. At 
the time appointed the board shall open the proposals and award the purchase of the 
bonds to the highest responsible bidder, and may reject all bids; but said board shall 
in no event sell any of tne said bonds for less than ninety per cent, of the face value 
thereof. 

Sec. 17. Said bonds, and the interest thereon, shall be paid by revenue derived 
from an annual assessment upon the real property of the district ; and all the real 
property in the district shall be and remain liable to be assessed for such payments as 
hereinafter provided. 

Sec. 18. The assessor must, between the first Monday in March and the first Mon- 
day in June in each year^ assess all real x>i^operty in the district, to the persons who 
own, claim, have the possession or control thereof, at its full cash value. He must 
prepare an assessment book with appropriate headings, in which must be listed all 
such property Within the district, in which must be specified in separate columns 
under the appropriate head : 

- First. The name of the person to whom the property is assessed. If the name is not 
known to the assessor, the property shall be assessed to " unknown owners." 

Second. Land by township, range, section, or fractional section, and when such 
land is not a Congressional division or subdivision, by metes and bounds, or other de- 
scription suflicientto identity it, giving an estimate of the number of acres, locality, 
and the improvements thereon. 

' Third. City and town lots, naming the city or town, and the number and block 
according to the system of uumbering in such city or town, and the improvements 
thereon. 

Fourth. The cash value of real estate, other than city or town lots. 

Fifth. The eash value of improvements on such real estate. 

Sixth. The cash value of city and town lots. 

Seventh. The cash value of improvements on city and town lots. 

Eighth. The cash value of improvements on real estate assessed to persons other 
than the owners of the real estate. 

Ninth. The total value of all property assessed. 
> Tenth. The total value of all property after equalization by the board of directors. 

Eleventh. Such other things as the board of directors may require. 

Sec. 19. The board of directors must allow the assessor as many deputies, to be 
appointe<l by him, as will, in the judgment of the board, enable him to. complete the 
assessment within the time herein prescribed. The board must fix the compensation 
of such deputies, which shall be paid out of the treasury of the district. The com- 
pensation must not exceed five dollars per day for each deputy, for the time actually 
engaged, nor must any allowance be made but for work done between the first Mon- 
day in March and the first Monday in August in each year. 

. Sec. 20. On or before the first Monday in August in each year the assessor must 
complete his assessment book, and deliver it to the secretary of the board, who must 
immediately give notice thereof, and of the time the board of directors, acting as a 
board of equalization, will meet to equalize assessments, by publication in a news- 
paper published in each of the counties comprising the district. The time fixed for 
the meeting shall not be less than twenty nor more than thirty days from the first 
publication of the notice ; and In the meantime the assessment book must remain in 
the office of the secretary for the inspection of all persons interested. 

Sec. 21. Ui>on the day specified in the notice required by the preceding section for 
the meeting, the board of directors, which is hereby constituted a board of equali- 
zation for that purpose,#shall meet and continue in session from day to day, as long 
as may be necessary, not to exceed ten days, exclusive of Sundays, to hear and de- 
termine suph objections to the valuation and assessment as may come before them ; 
and the board may change the valuation as may be just. The secretary of the board 
shall be present during its sessions, and note all changes made in the valuation of 
property, and in the names of the persons whose property is assessed ; and within ten 
days after the close of the session he shall have the total values, as finally equalized 
by the boar<l, extended into columns and added. ^^ , 
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Sec. 22. Theboard of directors shall then levy an assessment sufficient to raise the 
annual interest on the outstanding bonds ; and at the expiration of ten years after 
the issuing of bonds by the board, must increase said assessment for the ensuing ten 
years, in the following percentage of the principal of the whole amount of bonds then 
outstanding, to wit : For the elcYenth year, five per cent. ; for the twelfth year, six 
per cent. ; for the thirteenth year, seven per cent. ; for the fourteenth year, eight per 
cent. ; for the fifteenth year^ nine per cent. ; for the sixteenth year, ten per cent. ; for 
the seventeenth year, eleven per cent. ; for the eighteenth year, thirteen per cent. ; 
for the, jiineteenth year, fifteen per cent. ; and for the twentieth year, a percentage 
sufficient to pay off said bonds. The secretary of the board must compute and enter 
in a separate column of the assessment book the respective sums in' dollars and cents 
to be paid as an assessment on the property therein enumerated. When collected the 
assessment shall be paid into the district treasury, and shall constitute a special fund, 
to be called the " bond fund of [naming the district] irrigation district. " 

Skc. 23. The assessment upon real property is a lien against the property assessed 
from and after the first Monday in March for any year ; and such lien is not removed 
until the assessments are paid or the property sold for the payment thereof. 

Sec. 24. On or before the first day of November the secretary must deliver the assess- 
ment book to the collector of the district, who shall, within twenty days, publish a no- 
tice in a newspaper published in each of the counties comprising the district, if there be 
lands situated in more than one county in such district, that said assessments are due 
and payable and will become delinquent at 6 o'clock p. m. on the last Monday of 
December next thereafter ; and that unless paid prior thereto five per cent, will be 
added to the amount thereof, and also the time and place at which payment of assess- 
ments may be made. The notice shall also specify a time and place within each elec- 
tion precinct of the district when and where the collector will attend to receive 
payment of assessments, and shall be published for fifteen days, and a printed copy 
of said notice shall be posted for the same time insome^iublic place in each precinct. 
The collector must attend at the time and place specified in the notice to receive 
assessments, which must be paid in gold and silver coin. He must mark the date of 
payment of any assessment in the assessment book opposite the name of the person 
paying, and give a receipt to such person, specifying the amount of the assessment 
and the amount paid, with a description of the property assessed. On the thirty- 
first day of December of each year sdl unpaid assessments are delinquent, and there- 
after the collector must collect thereon, for the use of the district, an addition of five 
per cent. 

Sec. 25. On or before the first day of February, the collector must publish the de- 
linquent list^ which must contain the names of the persons and a description of the 
property delinquent, and the amount of the assessments and costs due opposite each 
name and description. He must append to and publish with the delinquent list a 
notice, that unless the assessments delinquent, together with cost and percentage, 
are paid, the real property upon which such assessments are a lien will be sold at 
public auction. The publication must be made once a week for three successive 
weeks in a newspaper published in each of the counties comprised in the district. 
The publication must designate the time and place of sale. The time of sale must 
not be less than twenty-one nor more than twenty-eight days irom the first publica- 
tion, and the place must be at some point designated by the collector. 

Sec. 26. The collector must collect, in addition to the assessments due on the de- 
linquent list and five per cent, added, fifty cents on each lot, piece, or tract of land 
separately assessed, one-half of which must go to the district and the other to the 
collector for preparing the list. On the day fixed for the sale, or some subsequent 
day to which he may have postponed it, of which he must give notice, the collector, 
between the hours of ten o'clock a. m. and three o'clock p. m., must commence the 
sale of the property advertised, commencing at the head of the list and continuing 
alphabetically, or in the numerical order of the lots or blocks, until completed. He 
may postpone the day of commencing the sales, or the sale, from day to day, but the 
sale must be completed within three weeks from the day first fixed. 

Sec. 27. The owner or person in possession of any real estate offered for sale for 
assessments due thereon may designate in writing to the collector, prior to the sale, 
what portion of the property he wishes sold, if less than the whole ; but if the owner 
or possessor does not, then the collector may designate it, and the person who will 
take the least quantity of the land, or in case an undivided interest is assessed, then 
the smallest portion of the interest, and pay the assessments and costs due, including 
two dollars to the collector for the duplicate certificate of sale, is the purchaser. If 
the purchaser does not pay the assessments and costs before ten o'clock a. m. the fol- 
lowing day, the property, on next sale day, before the regular sale, must be resold 
for the assessments and costs. After receiving the amount of assessments and costs, 
the collector must make out in duplicate a certificate, dated on the day of sale, stat- 
ing (when known) the name of the person assessed, a description of the land sold, the 
amount paid therefor, that it was sold for assessments, giving the amount and the 
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year of the assessment, and specifying the timA when the purchaser will be entitled 
to a deed. The certificate must be signed by the collector, and one copy delivered 
to the purchaser, and the other filed in the office of the county recorder of the county 
in which the land sold is situated. 

Sec. 28. The collector, before delivering any certificate, must in a book enter' a 
description of the land sold, corresponding with the description in the certificate, 
the date of the sale, purchasers' names, and amount paid, regularly number the de- 
scription on the margin of the book and put a corresiK>nding number on each certi- 
ficate. Such book must be open to public inspection, without fee, during office hours, 
when not in actual use. On filing the certificates with such county recorder the lien 
of the assessments vests with the purchaser, and is only divested by the payment to 
him, or to the collector for his use, of the purchase money and two per cent, per mouth 
from the day of sale until redemption. 

Sec. 29. A redemption of the property sold may be made by the owner, or any 
party in interest, within twelve months from the date of purchase. Redemption 
must be made in gold or silver coin, as provided for the collection of State and 
county taxes, and when made to the collector he must credit the amount paid to the 
person named in the certificate, and pay it, on demand, to the person or his assignees. 
In each report the collector makes to the board of directors he must name the persou 
entitled to redemption money, and the amount due to each. On receiving the certifi- 
cate'Df sale, the county recorder must file it and make an entry in a book similar to 
that required of the collector. On the presentation of the receipt of the person 
named in the certificate, or of the collector for his use, of the total amount of redemp- 
tion money, the recorder must mark the word "redeemed," the date, and by whom 
redeemed, on the certificate and on the margin of the book where tne entry of the 
certificate is made. If the property is not redeemed within twelve months from the 
sale, the collector or his successor in office must make to the purchaser or his as- 
signee a deed of the property, reciting in the deed substantially the matters con- 
tained in the certificate, and that no person redeemed the property dnring the time 
allowed by law for its redemption. The collect,or shall receive from the purchaser, 
for the nse of the district, two dollars for making such deed. 

Sec. 30. The matter recited in the certificate of sale must be recited in the deed, 
and such deed duly acknowledged or proved is prima facie evidence that — 

First. The property was assessed as required by law. 

Second. The property was equalized as required by law. 

Third. That the assessments were levied in accordance with law. 

Fonrth. The assessments were not paid. 

Fifth. At a proper time and place the property was sold as prescribed by law and 
by the proper officer. 

Sixth. The property was not redeemed. 

Seventh. The person who executed the deed was the proi)er officer. 

Such deed, duly acknowledged or proved, is (except as against actual fraud) con- 
clusive evidence of the regularity of all the proceedings from the assessment by the 
assessor, inclusive, up to the execution of the deed. The deed conveys to the grantee 
the absolute title to the lands described therein, free of all incumbrances, except when 
the land is owned by the United States or this State, in which case it is prima facie 
evidence of the right of possession. 

Sec. 31. The assessment book or delinquent list, or a copy thereof, certified by the 
collector, showing unpaid assessments against any person or property, is prima facie 
evidence of the assessment, the property assessed, the delinquency, the amount of 
assessments due aud unpaid, and that all the forms of the law in relation to the 
assessment ai)d levy of such assessments have been complied with. 

Sec. 32. When land is sold for assessments correctly imposed, as the property of a 
particular person, no misnomer of the owner, or supposed owner, or other mistake 
relating to the ownership thereof, afifects the sivle or renders it void or voidable. 

Sec. 33. On the first Monday in each month the collector must settle with the 
secretary of the board for all moneys collected for assessments, aud pay the same 
over to the treasurer ; and within six days thereafter he must deliver to and file in 
the office of the secretary a statement under oath, showing : 

First. An account of all his transactions and receipts since his last settlement. 

Second. That all money collected by him as collector has been paid. 

The collector shall also file in the office of the secretary on said first Monday in 
each month the receipt of the treasurer for the money so paid. 

Sec. 34. Upon the presentation of the coupons due to the treasurer, he shall pay 
the same from said bond fund. 'Whenever, after ten years from the issuance of said 
bonds, said fund shall amount to the sum of ten thousand dollars, the board of di- 
rectory may direct the treasurer to pay such an amount of said bonds not due as the 
money in said fund will redeem, at the lowest value at which they may be offered 
for liquidation, after advertising for at least four weeks in some daily newspaper in 
each of the cities hereinbefore named, and in any other newspaper which said board 
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deem advisable, for sealed proposals for the redemption of said bonds. Said 
>8als shall be opened by the board in open meeting, at a time to be named in the 
e, and the lowest bid for said bonds most be accepted : Providedy That no bond 
be redeemed at a rate above par. In case the bids are equal the lowest nnm- 
l bond shaU have the preference. In case none of the holders of said bonds shall 
s to have the same redeemed, as herein provided for, said money shall be invested 
le treasurer, under the direction of tbe board, in United States gold-beariDg 
s, or the bonds of the State, which shall be kept in said '* bond fund,'' and may 
eid to redeem said district bonds whenever the holders thereof may desire. 
3. 35. After adopting a plan of said canal or canals, storage, reservoirs, and 
s, the bolird of directors shall ^ive notice, by publication thereof not less than 
ty days in one newspaper published in each of the counties composing the dis- 
provided a new^aper is published therein, and in such other newspapers as 
may deem advisable, calling for bids for tbe construction of said work, or of any 
on thereof; if less than the whole work is advertised, then the portion so adver- 
must be particularly described in such notice ; said notice shall set forth that 
I and specifications can be seen at the office of the board, and that the board will 
ve sealed proposals therefor, and that the contract will be let to the lowest re- 
lible bidder, stating the time and place for opening said proposals, which at the 
and place appointed shall be opened in public, and as soon as convenient there- 
the board snail let said work, either In portions or as a whole, to the lowest ro- 
uble bidder, or they may reject any or all bids and readvertise for proposals, or 
proceed to construct the work under their own superintendence with the labor 
e residents of the district. Contracts for the purchase of material shall he 
ded to the lowest responsible bidder. Any person or persons to whom a con- 
may be awarded shall enter into a bond, with good and sufficient sureties, to 
►proved by the board, payable to said district for its use, for double the amonnt 
e contract price, conditional for the faithful performance of said contract. The 
shall be done under the direction and to the satisfaction of the engineer, and 
proved by the board. 

). 36. No claim shall be paid by the treasurer until allowed by the board, and 
upon a warrant signed by the president, and countersigned by the secretary: 
dedf That the board may draw from time to time from the construction fund and 
lit in the county treasury of the county where the office of the board is sitn- 
any sum in excess of the sum of twenty-live thousand dollars. The county 
iirer of said county is hereby authorized and required to receive and receipt for 
ime, and place the same to the credit of said district, and he shall be responsi- 
pon his official bond for the safe-keeping and disbursement of the same, as in 
-ct provided. He shall pay out the same, or any portion thereof, to the treas- 
3f tne district only, and only upon the order of the 1>oard, signed by the presi- 
and attested by the secretary. The said county treasurer shall report in writ- 
)n the second Monday in each month the amount of money in the county 
iry, the amount of receipts for the month preceding, and the amount or 
nts paid out ; said report shall be verified and filed with the secretary of the 
[. The district treasurer shall also report to the board, in writing, on the first 
ay in each month, the amount of money in the district treasury, the amount 
eipts for the month preceding, and the amount and items of expenditures, and 
eport shall be verified and filed with the secretary of the board. 
;. 37. The cost and the expense of purchasing and acquiring property and con- 
}ing the works and improvements herein provided for, shall be wholly paid out of 
)n8truction fund. For the purpose of defraying the expenses of the organization 
3 district, and of the care, operation, management, repair, and improvement of 
portions of said canal and works as are completed and in use, including salaries 
cers and employes, the board may either fix rates of tolls and charges, and col- 
he same from all persons using said canal for irrigation and other purposes, or 
may provide for the payment of said expenditures by a levy of assessments there- 
p by both said tolls and assessments ; if by the latter method such levy shall he 
of the completion and equalization of the assessment roll, and the board shall 
the same powers and functions for the purposes of said levy as are now possessed 
a rds of supervisors in this State. The procedure for the collection of assessments 
ch levy shall in all respects conform to the provisions of this act relating to the 
ent of principal and interest of bonds herein provided for. 
!. 38. The board of directors shall have power to construct the said works across 
tream of water, water-course, street, avenue, highway, railway, canal, ditch, or 
which the route of said canal or canals may intersect or cross, in such manner 
afford security for life and i»roperty ; but said board shall restore the same, when 
ssed or intersected, to its former state as near as may be, or in a sufficient manner 
► have impaired unnecessarily its usefulness; and every company whose railroad 
be intersected or crossed by said works shall unite with said board in forming 
titersectious and crossings, and grant the privileges aforesaid ; and if such rail- 
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road company and said board, or the owners and controllers of the said property, 
thing, or franchise so to be crossed, can not agree upon the anionnt to be paid therefor, 
or the points or the manner of said crossings or intersections, the same shall be ascer^ 
tained and determined in all respects as is herein provided in respect to the taking 
of land. The right of way is hi reby given, dedicated, and set apart, to locate, con- 
stmct, and maintain said works over and through any of the lands which are now, 
or may be, the property of this State ; and also there is given, dedicated, and set apart, 
for the uses and purposes aforesaid, all waters and water-rightd belonging to this 
State within the district. 

Src. 39. The board of directors shall each receive four dollars per day, and mileage 
at the rate of twenty cents per mile, in attending meetings, and actual and necessary 
expenses paid while engaged in official business under the order of the board. The 
board shall fix the compensation to be paid to the other officers named in the act, to 
be paid out of the treasury of the district : Provided, That said board shall, uiK>n the 
the petition of at least &rty, or a majority of the freeholders within such district 
therefor, submit to the electors at any general election a schedule o€ salaries and fees 
to be paid hereunder. Such petition must be presented to the board twenty days 
prior to a general election, and the result of such election shall be determined and 
declared in all respects as other elections are determined and declared under this act. 

Sbc. 40. No director or any other officer named in this act shall' in any manner be 
interested, directly or indirectly, in any contract awarded or to be awarded by the 
board, or in the profits to be derived therefrom ; and for any violation of this pro- 
viftion, snch officer shall be deemed guilty of a misdemeanor, and such conviction 
shall m^erk a forfeiture of his office, and he shall be punishfedf by a fine not exceeding 
five hundred dollars, or by imprisonment in the county jail not exceeding six months, 
or by both such fiite and imprisonment. 

Sec. 41. The board of directors may, at any time, when in their judgment it may 
be advisable, call a special election, and submit to the qualified electors of the dis- 
trict the question whether or not a specml^issessnient shall be levied for the purpose 
of raising money to be applied to any of the purp ocea itrovided in this act. Such 
election must be called upon the notice prescribed, and the sa me * shal l h^heHdj-mm^. 
the'reenlt thereof determined and declared in all respects in conformity with the pro- 
visions of section fifteen of this act. The notice must specify the amount of money 
proposed to be raised, and the purpose for which it is intended to be used. At such 
elections the ballots shall contain the words, '^Assessment — ^yes,'' or ''Assessment — 
no." If two-thirds or more of the votes cast are '^Assessment — yes," the board shall, 
at the time of the annual levy hereunder, levy an assessment sufficient to raise the 
amount voted. The rate of assessment shall be ascertained by deducting fifteen per 
cent, for anticipated delinquencies from the aggregate assessed value of the property 
in the district as it appears on the assessment roll for the current year, and then di- 
viding the sum voted by the remainder of such aggregate assessed value. The assess- 
ment so levied shall be computed and entered on the assessment roll by the secretary 
of the board, and collected at the same time and in the same manner as other assess- 
ments provided for herein ; and when collected shall be paid into the district treasury 
for the purposes specified in the notice of such special election. 

Sec. 42. The board of directors, or other officers of the district, shall have no power 
to incur any debt or liability whatever, either by issuing bonds, or otherwise, in ex- 
cess of thebexpress provisions of this act, and any debt or liability incurred in excess 
of snch express provisions shall be and remain absolutely void. 

Sec. 43. In case the volume of water in any stream or river shall not be sufficient 
to supply the continual wants of the entire country throngh which it passes, and 
snsceptible of irrigation therefrom, then it shall be the duty of the water commis- 
sioners, constituted as hereinafter provided, to apportion, in a just and equitable 
proportion, a certain amount of said water upon certain or alternate weekly days to 
different localities, as they may, in their judgment, think best for the interest of all 
parties concerned, and with due regard to the legal and equitable rights of all. Said 
water commissioners shall consist of the chairman of the board of directors of each 
of the districts affected. 

Sec. 44. It shall be the duty of the board of directors to keep the water flowing 
through the ditches under their control to the full capacity of such ditches in times 
of high water. 

Sec. 45. Navigation shall never in anywise be impaired by the operation of this 
act, nor shall any vested interest in or to any mining water rights or ditches, or in 
or to any water or water right-s, or reservoirs, or dams now used by the owners or 
possessors thereof in connection with any mining industry, or by persons purchasing 
or renting the nse thereof, or in or to any other property now used directly or indi- 
rectly in carrying on or promoting the mining industry, ever be affected by or taken 
under its provisions save and except that rights of way may be acquired over the 
same. ^ . 
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Sec. 46. None of the provisions of this act sl^all be constraed as repealing or in 
anywise modifying the provisions of any other act relating to the subject of irriga- 
tion or water commissioners. Nothing herein coataiued shall bo deemed to authorize 
any person or persons to divert the waters of any river, creek, stream, canal, or ditch 
from its channel to the detriment of any person or persons having any interest in such 
river, creek, stream, canal, or ditch, or the waters therein, nnless previous compensa- 
tion be ascertained and paid therefor under the laws of this State authorizing the 
taking of private property for public uses. 

Chapter XIX. An Act to Abiend Sections 10, 22, and 27 of Foregoing Act. 

Section 1. Section ten of said act is hereby amended to read as follows : 

Section 10. The secretary of the board of directors must, hs soon as tbe result is 
declared, enter in the records of sueh board a statement of such result, which state- 
ment must show — 

First. The whole number of votes cast in the district and in each division of the 
district. 

Second. The names of the persons voted for. 

Third. The office to fill which each person was voted for. 

Fourth. The number of votes given in each precinct to each of such persons. 

Fifth. The number of votes given in each division for the office of director, and the 
number of votes given in the district for the offices of assessor, collector, and treas- 
urer. 

The board of directors must declare elected the persons having the highest number 
of votes given for each office. The secretary must immediately make out and deliver 
to such person a certificate of election, signed by him and authenticated with the 
seal of the board. In case of the vacancy in the office of assessor, collector, or treas- 
urer the vacancy shaU be filled by appointment of the board of directors. In case of 
a vacancy in the office of director the vacancy shall be filled by appointment by the 
board of supervisors of the county where the office of such board of directors is situ- 
ated from the division in which the vacancy occurred. An officer appointed as above 
provided shall hold his office until the next regular election for said district,' and 
until his successor is elected and qualified. 

Sec. 2. Section twenty- two of said act is hereby amended to read as follows^ 

Section 22. The board Qf directors shall then levy an assessment sufficient to raise 
the annual interest on the outstanding bonds, and at the expiration of ten years 
after the issuing of bonds by the board must increase said assessment for the eusn- 
ing ten years in the following percentage of the principal of the whole amount of 
bonds then outstanding, to wit : For the eleventh year, five percent. ; for the twelfth 
year six per cent. ; for the thirteenth year, seven per cent. ; for the fourteenth year, 
eight per cent. ; for the fifteenth year, nine per cent. ; for the sixteenth year, ten per 
cent. ; for the seventeenth year, eleven per cent. ; for the eighteenth year, thirteen 
per cent. ; for the nineteenth year, fifteen per cent. ; and for the twentieth year, a per- 
centage sufficient to pay off said bonds. The secretary of the board must compute 
and enter in a separate column of the assessment book the respective sums in dollars 
and cents to be paid as an assessment on the property therein enumerated. When 
collected the assessment shall be paid into the dis^ict treasury, and shall constitute 

a special fund, to be called the ** bond fund of irrigation district." In case of 

the neglect or refusal of the board of directors to cause such assessment and levy 
to be made as in this act provided, then the assessment of property made by the 
county assessor and the State board of equalization shall be adopted and shall be the 
basis of assessments for the district, and the board of supervisors of the county in 
which the office of the board of directors is situated shall cause an assessment roll for 
said district to be prepared, and shall make the levy required by this act in the same 
manner and with like efiect as if the same had been made by said board of directors, 
and all expenses incident thereto shall be borne by such district. In case of the neg- 
lect or refusal of the collector or treasurer of the district to perform the duties im- 
posed by law, then the tax collector and treasurer of the county in which the office 
of the board of directors is situated must, respectively, perform such duties, and shall 
be accountable therefor upon their official bonds as in other cases. 

Sec. 3. Section twenty-seven of said act is hereby amended to read as follows: 

Section 27. The owner or person in possession of any real estate ofiered for sale for 
assessments due thereon may designate in writing to the collector, prior to the sale, 
what portion of the property he wishes sold, if less than the whole ; but if the owner 
or possessor does not, then the collector may designate it, and the person who will 
take the least quantity of the land, or in case an undivided interest is assessed then 
the smallest portion of the interest, and pay the assessments and costs due, including 
two dollars to the collector for the duplicate certificate of sale, is the purchaser. H 
the purchaser does not pay the assessments and costs before ten o'clock a. m. the fol- 
lowing day the property on the next sale day must be resold for the assessment's and 
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costs. Bat in case there is no purcbaser in good faith" for the same on the first day 
that the property is offered for sale, then, when the property is offered thereafter for 
sale and there is no purchaser in good faith for the same, the whole amount of the 
property assessed shall be struck off to tho irrigation district within which such 
lands are situated as the purchaser, and the dnplicate certificate delivered to , the 
treasurer of the district and filed by him in his office. No charge shall be made for 
the dnplicate certificate where the district is the purchaser, and. In such case, the 
collector shall make an entry, "sold to the district," and he shall be credited with 
the amount thereof in his settlement. An irrigation district, as a purchaser at such 
sale, shall be entitled to the same rights as a private purchaser, and the title so ac- 
quired by the district, subject to the right of redemption herein provided, may be 
conveyed by deed, executed and acknowledged by the president and secretary of said 
board : Provided, That authority to so convey mnst be conferred by resolution of the 
board, entered on its minutes, fixing the price at which such sale may be made, and 
such conveyance shall not be made for a less sum than the reasonable market value 
of such property. After receiving the amount of assessmeifts and costs the collector 
mnst make out in duplicate a certificate, dated on the day of sale, stating (when 
known) the names of the person assessed, a description of the land sold, the amount 
paid therefor, that it was sold for assessments, giving the amount and year of the as- 
sessment, and specifying the time when the purchaser will be entitled to a deed. 
The certificate must be signed by the collector, and one copy delivered to the pur- 
chaser and the other filed in the office of the county recorder of the county in which 
the land is situated. 

Chapter XX. An Act Amendatory of and Supplemental. 

Skction 1. The boundaries of any irrigation district now or hereafter organized 
under tho provisions of an act, entitled ''An act to provide for the organization and 
government of irrigation districts, and to provide for the acquisition of water and 
other property, and for the distribution of water thereby for irrigation purposes," 
approved March 7, 1887, may be changed in the manner herein prescribed ; but such 
change of the boundaries of the district shall not impair or affect its organization, or 
its rights in ot to property, or any of its rights or privileges of whatsoever kind or 
nature ; nor shall it affect, impair, or discharge any contract, obligation,0lien, or 
charge for or upon which it was or might become liable or chargeable had such 
change of its boundaries not been made. 

Sec. 2. The holder or holders of title, or evidence of title, representing one-half 
or more of any body of lands adjacent to the boundary of an irrigation district, which 
are contiguous, and which, taken together, constitute one tract of land, may file with 
the board of directors of said district a petition in writing, praying that the bound- 
aries of isaid district may be so changed as to include therein said land^. The peti- 
tion shall describe the boundaries of said parcel or tract of land, and shall also de- 
scribed the boundaries of the several parcels owned by the petitioners, if the petitioners 
be the owners, respectively, of distinct parcels, but such descriptions need not be more 
particular than they are required to be when such lands are entered by the county- 
assessor in the assessment book. Such petition must contain the assent of the peti- 
tioners to the inclusion within said district of the parcels or tracts of land described 
in the petition, and of which said petition alleges they are respectively the owners ; 
and it mnst be acknowledged in the same manner that conveyances of land are re- 
quired to be acknowledged. 

Sec. 3. The secretary of the board of directors shall cause a notice of the filing of 
such petition to be given and published in the same manner and for the same time 
that noticoB of special elections for the issue of bonds are required by said act to be 
published. The notice shall state the filing of such petition and the names of the 
petitioners, a description of the lands mentioned in said petition and the prayers of 
said petition ; and it shall notify all persons interested in or that may bo affected by 
such change of the boundaries of the district to appear at the office of said board at 
a time named in said notice and show cause in writing, if any they have, why the 
change in the bonndaries of said district, as proposed in said petition, should not 
be made. The time to be specified in the notice at which they shall be required to 
show cause shall be the regular meeting of the board next after the expiration of the 
time for the publication of the notice. The petitioners shall advance to the secretary 
sufficient money to pay the estimated costs of all proceedings under this act. 

Sec. 4. The board of directors, at the time and place mentioned in the said notice, 
or at such other time or times to which the hearing of said petition may be adjourned, 
shall proceed to hear the petition, and all the objections thereto, presented in writ- 
ing by any person showing cause as aforesaid why said proposed change of the bound- 
aries of the district should not be made. The failure by any person interested in 
said district, or in the matter of the proposed change of its boundaries, to show cause, 
in writing, as aforesaidi shall be deemea and taken as an assent on his part to a change 
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of tbe boundaries of the distriot as urayed for in said petition, or to sucb a change 
thereof as will inelnde a part of said lands. And the filing of snch petition with said 
board, as aforesaid, shall be deemed and taken as an assent on tbe part of eiich and 
all of such petitionen to snob a change of said boundaries that they may include the 
whole or any portion of the lands described in said petition. 

Sec. T). The board of directors, to whom snch petition is x^resented, may require as 
a condition prect^ent to the granting of the same, that the petitioners shall severally 
pay to such district such respectiTe sums, as nearly as the same can bo estimated (the 
several amonnts to be determined by the board), as said. petitioners or tbeir grantors 
would have been required to pay to such district as assessmentn had such lands been 
included in snch district at the time the same was originally formed. 

Srg. 6. The board of directors, if they deem it not tor the best interests of tbe dis- 
trict that a change of its boundaries be so made as to include therein tbe lands men- 
tioned in the petition, shall order that the petition be rejected. But if they deem it 
for tbe best interests of the district that the boundaries of said district be changed, 
and if no person interested in said district or tbe proposed change of its boundaries 
shows cause in writing why the proposed change should not bo made, or if, having 
shown cause, withdraws the same, the board may order that the boundaries of the 
district be so changed as to include therein the lands mentioned in said petition, or 
some part thereof. The order shall describe the boundaries as changed, and shall 
also describe the entire boundaries of the district as they will be after the change 
thereof as aforesaid is made ; and for that purpose the board may cause a survey to 
be ma<le of such portions of such boundary as is deemed necessary. 

Sec. 7. If any x>erson interested in said district, or the proposed change of its boand- 
aries, shall show cause, as aforesaid, why such boundaries should not be chanj;ed, 
and shall not withdraw the same, and if the board of directors deem it for the best 
interest of the district that the boundaries thereof be so changed as to Include therein 
tbe lands mentioned in the petition, or some part thereof, the board shall a<lopt a 
resolution to that effect. The resolution shall describe the exterior boundaries of the 
lands which the board are of the opinion should be included within tbe boundaries 
of the district when changed^ 

Sec. 8. Upon the adoption of the resolution mentioned in the last preceding sec- 
tion, the board shall order that an election be held within said district, to (letermine 
whether the boundaries of the district shall bo changed as mentioned in said resolu^ 
tion; an^ shall fix the time at which snch election shall be held^ and cause notice 
thereof to be given and published. Such notice shall be given and pnbllsbed, and 
such election shall be held and conducted, the returns thereof shall be made and can- 
vassed, and the result of the election ascertained and declared, and all things ]>er- 
taining thereto conducted in the manner prescribed by said act in case of a s|>ecial 
election to determine whether bonds of an irrigation district shall be issued. The 
ballots cast at said election shall contain the words "For change of boundary," or 
** Against change of boundarv," or words equivalent thereto. The notice of election 
shall describe the proposed change of the boundaries in such manner and terms that 
it can readily be traced. 

- Sec. 9. If at snob election a majority of all the votes cast at said election shall be 
against such change of the boundaries of the district, the board shall order that said 
petition bd denied, and shall proceed no further in that matter. But if a majority of 
snch votes be in favor of such change of the boundaries of the district, the board 
shall thereupon order that the boundaries be changed in accordance with said resolu- 
tion adopted by the board. The said order shall describe the entire boundaries of 
said district, and for that purpose the board may cause a survey of such portions 
thereof to be made as the board may deem necessary. 

Sec. 10. Upon a change of the boundaries of a district being made, a cony of the 
order of the board of directors ordering such change, certified by the presnient and 
secretary of the board, shall be filed for record in the recorder's office of each county 
within which are situated any of the lands of the district, and thereupon the district 
shall be and remain an irrigation district, as fully and to every iuteut and x>nil>ose 
as if tbe lands which are included in the district by the change of the boundaries, as 
aforesaid, had been included therein at the original organization of the tlistrict. 

Sec. 11. Upon the filing of the copies of the order, as in the last preceding section 
mentioned, the secretary shall record in the minutes of the board the petition afore- 
said; and the said minutes, or a certified copy thereof, shall be admissible in evidence 
with the same efiect as the petition. 

Sec. 12, A guardian, an execntor, or an administrator of an estate, who is ap- 
pointed as such under the laws of this State, and who, as snch guardian, executor, 
or administrator, is entitled to the possession of the lands belonging to the estate 
w^hich he represents, may, on behalf of his ward or the estate which he represents, 
uxH>n being therennto anthorizeil by the proper court, sign and acknowledge the 
)»etition in this act mentioned, and may show cause, as in this act mentione<^ why 
the boundaries of the district should not be changed. 
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Skc. 13. In case of the inclusion of any land within any district by proceedings 
under this act, the board of directors must, at least thirty days prior to the next 
succeeding general election, make an order re-dividing such district into live divis- 
ions, as nearly equal in size as may be practicable, which shall be numbered First, ^ 
Second, Third, Fourth, and Fifth, and one director shall thereafter be elected by 
each division. For the purposes of elections the board of directors must establish 
a convenient number of election precincts in said districts, and define the boundaries 
th^eof, which said precincts .may be changed from time to time, as the boftrd may 
deem necessary. 

Chapter XXI. An act amendatory of and supplemental. 

Section 1. The boundaries of any irrigation district, now or hereafter organized 
under the provisions of an act entitled *^An act to jirovide for the organization and 
government of irrigation districts, and to provide for the acquisition of water and 
other property, and for the distribution of water thereby for irrigation purposes," 
approved March seventh, one thousand eight hundred and eighty-seven, may be 
changed,, and tracts of land which were included within the boundaries of such dis- 
trict, at or after its organization under the provisions of said act, may be excluded 
therefrom, in the manner herein prescribed ; but neither such change of the bounda- 
ries of the district, nor such exclusion of lands from the district, shall impair or af- 
fect its organization, or its right in or to property, or any of its rights or privilege^, 
of whatever kind or nature ; nor shall it affect, impair, or discharge any contract, 
obligation, lien, or charge for or upon which it was or might become liable or charge- 
able had such change of its boundaries not been made, or had not any land been ex- 
cluded from the district. 

Sec. 2. The owner or owners in fee of one or more tracts of land which coustiute 
a portion of an irrigation district, may file with the board, of directors of the district 
a petition, praying that such tracts and any other tracts contiguous thereto may 
be excluded and taken from said district. The petition shall describe the boundaries 
of the land which the petitioners desir6 to have excluded froiji the district, and also 
the lands of each of such petitioners, which are included within such boundaries ; 
but the description of such lands need not be more particular or certain than is re- 
quired when the lands are entered in the assessment book by the county assessor. 
Such petition must be acknowledged in the same manner and form as is required in 
case of a conveyance of land, and the acknowledgment shall have the same force 
and effect as evidence as the acknowledgment of such conveyance. 

Sec. 3. The secretary of the board of directors shall cause a notice of the filing of 
such petition to be published for at least two weeks in some newspaper published in 
the county where the office of the board of directors is situated, and if any portion of 
such territory to be excluded lie within another county or counties^ then said notice 
shall be so published in a newspaper published within each of said counties ; or if no 
newspaper be published therein, then by posting such notice for the same time in at 
least three public places in said district, and, in case of the posting of said notices, 
one of said notices must be so posted on the lands proposed to be excluded. The 
notice shall state the filing of such petition ; the names of the petitioners ; a descrip- 
tion of the lands mentioned in said petition, and the prayer of said petit iou ; and it 
shall notify all persons interested in or that may be affected by such change of the 
boundaries of the district, to appear at the office of said board at a time named in said 
notice, and show cause in writing, if any they have, wh> the change of the boundaries 
of said district, as proposed in said petition, should not be made. The time to be 
specified in the notice at which they shall be required to show cause shall be the reg- 
ular meeting of the board next after the expiration of the time for the publication of 
tl^ notice. 

Sec. 4. The board of directors, at the time and place mentioned in the notice, or at 
the time or times to which the hearing of said petition may be adjourned, shall pro- 
ceed to hear the petition and all objections thereto presented in writing by any per- 
son showing cause as aforesaid why the prayer of said petition should not be granted. 
The failure of any person interested in said district to show cause in writing why the 
tract or tracts of land mentioned in said petition should not be excluded from said 
district, shall be deemed and taken as an assent by him to the exclusion of such tract 
or tracts of land, or any part thereof, from said district ; and the filing of such peti- 
tion with such board, as aforesaid, shall be deemed and taken as an assent by each 
and all of such petitioners to the exclusion from such district of the lands mentioned 
in the petition, or any part thereof. 

Sec. 5. The board of directors, if they deem it not for the best interest of the dis- 
trict that the lands mentioned in the petition, or some portion thereof, should be ex- 
cluded from said district, shall order that said petition be denied ; but if they deem it 
for the best interests of the district that the lands mentioned in the petition, or some 
portion thereof, be excluded from the district, and if no person interested in the dis- 
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trict show cause Id writing wh.v the said lands, or some portion thereof, shoald not 
be excluded from the district, or if, having shown cause, withdraws the same, and 
also, if there be no outstanding bonds of the district, then the board may order that 
the lands mentioned in the petition, or some defi\ied portion thereof, be excladed 
from the district. • 

Sbg. 6. If there be outstanding bonds of the district, then the board may adopt a 
resolution to the effect that the boatrd deems it to the best interest of the district 
that the lands mentioned in the petition, or some portion thereof, should be excladed 
from the district. The resolution shall describe such lands so that the boundaries 
thereof can readily be,traced. The holders of such outstanding bonds may give their 
assent in writing to the effect that they severally consent that the boanl may uiake 
an order by which the lands mentioned in the resolution may be excluded from the 
district. The assent must be acknowledged by the several holders of such bonds in 
the same manner and form as is required in case of a conveyance of land, and the 
acknowledgment shall have the same force and effect as evidence as the acknowledg- 
ment of such conveyance. The assent shall be tiled with the board and must be 
recorded in the minutes of the board ; and said minntes, or a certified copy thereof, 
shall be admissible in evidence with the same effect as the said assent ; but. if sach 
assent be not filed, the board shall deny and dismiss said petition. 

Sbc. 7. If the assent aforesaid of the holders of said bonds be filed and entered 
of record as aforesaid, and if there be objections presented by any persbn showing 
cause ns aforesaid, which have not been withdrawn, then the board may order an 
election to be held in said district t«» determine whether an order shall be made 
excluding said land from the district as mentioned in said resolntion. The notice of 
such election shall describe the boundary of all lands which it is proposed to exclnde, 
and such notice shall be published for at least two weeks prior to such election in a 
newspaper published within the county where the office of the board of directors 
is situated ; and if any portion of such territory to be excluded lie within another 
county or counties, then said notice shall be so published in a newspaper published 
\Vithin each of such counties. Such notice shall require the electors to cast ballots 
which shall contain the words "For Exclusion," or ^'A^ainst Exclusion," or words 
equivalent thereto. Such election shall be conducted in accordance with the gen- 
eral election laws of the State : Provided, That no particular form of ballot shall 
bo required. 

Skc. 8. If at such election a majority of all the votes cast shall be against the 
exclusion of said lands from the district, the board shall deny and dismiss said peti- 
tion and proceed no further in said matter ; but if a majority of such votes be in 
favor of the exclusion of said lands from the district the board shall thereu^n 
order that the said lands mentioned in said resolution be excluded from the district. 
The said order shall describe the boundaries of the district should the exclusion of 
the said lands from said district change the boundaries of the district, and for that 
purpose the board may cause a survey to he made of such portions of the bountiaries 
as the board may deem necessary. 

Sec. 9. Upon the entry in the minutes of the board of any of the orders hereinbefore 
mentioned, a copy thereof, certified by the president and the secretary of the board, 
shall be filed for record in the recorder's office of each county within which are 
situated any of the lauds of the district, and thereupon said district shall be and re- 
main an irrigation district as fully, to every intent and purpose, as it would be had 
no change been made in the boundaries of the district, or had the lands excladed 
therefrom never constituted a portion of the district. 

Skc. 10. If the lands excluded from any district under this act shall embrace the 
greater poction of any division or divisions of such district, then the office of director 
lor such division or divisions shall become and be vacant at the expiration of ten 
days from the final order of the board, under section eight of this act excluding said 
landH, and such vacancies shall be filled by appointment by the board of supervisors 
of the county where the office of such board is situate from the district at large. A 
director appointed as above provided shall hold his office until the next regular 
election for said district, and until his successor is elected and qualified. 

Sec. 11. At least thirty days before \he next general election of such district the 
board of directors thereof shall make an order dividing said district into five divis- 
ions, as nearly equal in size as may be practicable, which shall be numbered first, 
second, third, fourth, and fifth, and one director shall be elected by each division. 
For the purposes of elections in such district the said board of directors must estab- 
lish a convenient number of election precincts, and define the boundaries thereof, 
which said precincts maybe changed from time to time, as the board of directors 
may deem necessary. 

Sec. 12. A guardian, an executor, or an administrator of an estate, who is appointed 
as such under the laws of this State, and who, as such guardian, executor, or admin- 
istrator, is entitled to the possession of the lands belonging to the estate which he 
represents) may) on behalf of his ward or the estate which he represent*, upon being 
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thereto properly authorized by the proper coart, sign and acknowledge the petition 
in this act mentioned, and may show canse, as in this act provided, why the bound- 
aries of the district should not be changed. 

8ec< 13. In ease of the exclusion of any lands under the provisions of this act, there 
shall be refunded to any and all persons who have paid any assessment or assessments 
to Mich district, or any lands so excluded, an^ sum or sums so paid. Such payments 
shall be made in the same manner as other claims against such district, and from such 
fund or funds as the board of directors may designate. 

Chapter clxxviii. An act Supplemental. 

Section 1. The board of directors of an irrigation district now or hereafter or^ 
gaoized under the provisions of the act entitled^'An act to provide for the organiza- 
tiou and government of irrigation districts, and to provide for the acquisition of 
water and other property, and for the distribution of water thereby for irrigation 
purposes," approved March seventh, eighteen hundred and eighty-seven, may com- 
mence a special proceeding, in and by which the proceedings of said board and of 
said district providing for and authorizing the issue and sale of the bonds of said dis- 
trict, whether said bonds or any of them have or have not then been sold, m&y be 
judicially examined, approved, and confirmed. 

Sec. 2. The board of directors of the irrigation district shall file in the superior 
court of the county in which the lands of the district or some portion thereof are 
situated a petition praying, in effect, that the prooeedines aforesaid may be examined, 
approved, and confirmed by the court. The petition snail state the facts showing 
the proceedings had for the issue and sale of said bonds, and shall state generally 
that the irrigation district was duly organized, and that the first board of directors 
was duly elected ; but the petition need not state the facts showing sucb organiza- 
tion of the district, or the election of said first board of directors. 

Sec. 3. The court shall fix the time for the hearing of said petition, and shall order 
the clerk of the court to give and publish a notice of the filing of said petition. The 
notice shall be given and published in the same manner and for the same length of 
time thdt the notice of a special election provided for by said act to determine 
whether the bonds of said district shall be issued is required to be given and pub- 
lished. The notice shall state the time and place fixed for the hearing of the petition 
and the prayer of the petition, and that any person interested in the organization of 
said district, or in the proceedings for the issue or sale of said bonds, may, on or be- 
fore the day fixed for the hearing of said petition, demur to or answer said petition. 
The petition may be referred to and described in said notice as the petition of the 
board of directors of irrigation district (giving its name), praying that the pro- 
ceedings for the issue and sale of the bonds of said district may be examined, approved, 
and confirmed by said court. 

Sec. 4. Any person interested in said district, or in the issue or sale of said bonds, 
may demur to or answer said petition. The provisions of the code of civil procedure 
respecting the demurrer and tne answer to a verified complaint shall be applicable 
to a demurrer and answer to said petition. The persons so demurring to or answer- 
ing said petition shall be the defendants to said special proceeding, and the board of 
directors shall be the plaintiff. Every material statement of the petition not specif- 
ically controverted by the answer must, for the purpose of said special proceeding, 
be taken as true, and eacb person failing to answer the petition shall be deemed to 
admit as true all the material statements of the petition. The rules of pleading and 
practice provided by the code of civil procedure which are not inconsistent with the 
provisions of this act are applicable to the special proceeding herein provided for. A 
motion for a new trial must be made upon the minutes of the court. The order grant- 
ing a new trial must specify the issues to be re-examined on such new trial, and the 
fiiKlings of the court upon the other issues shall not be affected by such order grant- 
ing a new trial. 

Sec. 5. Upon the hearing of such special proceeding the court shall have power 
and jurisdiction to examine and determine the legality and yalidity of, and approve 
and confirm, each and all of the proceedings for the organization of said district 
nnder the provisions of the said act, from and including tne petition*for the organi- 
zation of the district, and all other proceedings which may affect the legality or va- 
lidity of said bonds, and the order for the sale, and the sale thereof. The court, in 
inquiring into the regularity, legality, or correctness of said proceedings, must disre- 
gard any error, irrejgularity, or omission which does not affect the substantial rights 
of the parties to said special proceeding ; and it may approve and confirm such pro- 
cee<ling8 in part, and disapprove and declare illegal or invalid other and subsequent 
parts of the proceedings. The court shall find and determine whether the notice of 
the filing of said petition has been duly given and published for the time and in the 
manner in this act prescribed. The costs of the special proceedings may be allowed 
and apportioned between all the x>arties, in the discretion of the court. QOqIc 
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Sbc. 6. An appeal from au order granting or refusing a new trial, or from the j ^ 
ment, mast be taken by the party aggrieved within ten days after the entry of Bald 
order or said j adgment. * 

COLORADO IRRIGATION LAWS. 

All persons who olaim, own, or hold a possessory right or title to any lapd or 
parcel of land lying within the boundary of the State of Colorado, as defineid in. the 
constitution of said State, when those claims are on the bank, margin, or ueighborhood 
of any stream of water, creek, or river, shall be entitled to the use of the water of 
said stream, creek, or river, for the purpose of irrigation and making said claims 
available to the full extent of the soil for agricultural purposes. General Statntes, 
1711, (1861). 

Nothing in this chapter contained shall be so construed as to impair the prior 
vested rights of any mill or ditch owner or other person to use the water of any snch 
water-course. 

Under the provisions of this act \_emiment domain'] private property may be taken 
for private use, for private ways of necessity, for reservoirs, drains, flumes, or ditches 
on oi^across the land of others for agricultural, mining, milling, domestic, or sanitary 
purposes. (Session Laws of 1885, pp. 201, 202, 1729.) 

Every person, association, or corporation hereafter constructing or enlarging any 
ditch, canal, or feeder for any reservoir, for irrigation, and taking water directly ftom 
any natural stream, and of a carrying capacity of one cubic foot per second of time 
as so constructed or enlarged, shall within ninety days after the commencement of 
such construction or enlargement file and cause to be recorded in the office of the 
county clerk of the county in which such ditch, canal, or feeder may be situated, or if 
such canal, ditch, or feeder be situated in any water district, in the office of the connty 
clerk of such [each] county in which snch water district may extend, a swonj state- 
ment in writing, showing the name of such ditch, canal, or of the reservoir supplied by 
such feeder, the point at which the head-gate thereof is situated (if it be a new con- 
struction), the size of the ditch, canal, or feeder in width and depth and the carry- 
ing capacity thereof in cubic feet x>er second, the description of the line thereof and 
the time when the work was commenced, and the name or names of the owner or 
owners thereof, together with a map showing the rente thereof, the legal subdivisions 
of the land, if on surveyed lands with proper comers and distances, and in case of an 
enlargement the depth and width also the carrying capacity of the ditch enlarged, -with 
the width and depth of the ditch, canal, or feeder as enlarged, and the increased 
carrying capacity of the same thereby occasioned, and the time when snch enlarge- 
ment was commenced, and no priority of right for any purpose shall attach to any snch 
construction or enlargement until record is made. (Sec. 2, p. 162, Acts 1881, 175K).) 

This act shall apply to and affect only ditches, canals, or feeders used for carrying 
water for the purposes of irrigation and for no other purposes whatever. (Sec. 3, p. 
162, Acts 1881, 1721.) 

Any company formed under the provisions of this (corporations) act, for the pur- 
pose of constructing any ditch, flume, » * * shall, within ninety days from the 
date of their certificate, commence work on such ditch, flume « « * line as shall 
be named in the certificate, and shall prosecute the work with due diligence nntll the 
same is completed, and the time of completion of any such ditch » * * line shall 
not be extended beyond a period of two years from the time work was commenced as 
aforesaid ; and any company failing to commence work within ninety days from the 
date of the certificate, or fauing to complete the same within two years from the time 
of commencement as aforesaid, shall forfeit all right to the water so claimed, and the 
same shall be subject to be claimed by any other company ; the time for the comple- 
tion of any flume constructed under the provisions of this act shall not. be esct-ended 
beyond a period of four years: Provided^ This section shall not apply to any ditcher 
flume * * » constructed through and upon any grounds owned by the corpora- 
tion: And provided further y That any company formed under the provisions of this 
act to construct a ditch for domestic, agricultural, irrigating * * *■ purposes, or 
any or either thereof, shall have three years from the time of commencing' work 
thereon within which to complete the same, but no longer. ( Sec. 296 ( 106) , pp. 179, 80, 
G. L.,314.) 

All persons on the margin, brink, neighboriiood, or precinct of any stream of water 
shall have the right and power to place upon the bank of said stream a wheel or other 
machine for the purpose of raising water to the level required for the purpose of irri- 
gation. (Sec. 8, pp. 68, 69, Acts 1861 ; sec. 6, p. 364, R. S. ; sec. 1377 (6) p. 516, G. L., 
1727.) 

All persons who shall have enjoyed the use of the water in any natural stream, for 
the irrigation of any meadow land, by the natural overflow or operation of the water 
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of such stream, shall, in case the dimiaishing of the water supplied from sach stream 
firom any caase prevents snch Irrigation therefrom in as ample a manner as formerly- 
have right to constmct a ditch for the irrigation of such meadow and to take Water 
from such stream therefor, and his, her or their risht to water through such ditch 
shall have the same priority as though such ditch had been constructed at the time 
he, she or they first occupied and used such land as meadow ground. (Sec. 37, p. 106, 
Acts 1879, 1723.) 

In case the channel of any natural stream shall become so cut out, lowered, turned 
aside or otherwise changed from any cause as to prevent any ditch, canal, or feeder 
of any nservoir from receiving the proper inflow of water to which it may be entitled 
from such natural stream, the owner or owners of such ditch, canal or feeder shall 
haf^e the right to extend the head of such ditch, canal or feeder to such distance up 
the stream which supplies the same as may be necessary for securing a sufficient 
flow of water into the. same, and for that purpose shall have the same right to main* 
tain proceedings for condemnation of right of way for such extension as in case of 
constructing a new ditch, and the priority of right to take water from such stream 
through such ditch, canal or feeder, as to any such ditch, canal, or feeder, shall re- 
main unaffected in any respect by reason of such extension: Prqvidedj however. That 
no such extension shall interfere with the complete use or enjoy meat of any other 
ditch, canal or feeder. (Sec. 1, pp. 161, 162, Acts 1881, 1719.) 

For the purpose of hearing, adjudicating, and settling all questions concerning the 
priority of appropriation of water between ditch companies and other owners of 
ditches drawing water for irrigation purposes from the same stream or its tributaries 
within the same water district, and all other questions of law and questioos of right 
growing out of or in any way involved or connected therewith, jurisdiction is hereby 
vested exclusively in the district court of the proper county ; but when any water 
district shall extend into two or more counties the district court of the county in 
which the first regular term after the 1st day of December in each year shall soonest 
occur, according to the law then in force, shall be the proper coart in which the pro- 
ceedings for said purpose, as hereinafter provided for, shall be commenced; but 
where said proceedings shall be once commenced by the entry of an order appoint- 
ing a referee in the manner and for the purpose hereinafter in this act provided, such 
court shall thereafter retain exclusive jurisdiction of the whole subject until final 
adjudication thereof is had, notwithstanding any law to the contrary now in force. 
(Sec. 19, pp. 99, 100, Acts 1879, 1762.) 

In order that all parties may be protected in their lawful rights to the use of water 
for irrigation, every x»erson, association, or corporation owning or claiming any inter- 
ebt in any ditch, canal, or reservoir, within any water district, shall, on or before the 
Ist day of June, A. D. 1881, file with the clerk of the district court having jurisdic- 
tion of priority of right to the use of water for irrigation in such water district a 
statement of claim, under oath, entitled of the proper court, and in the matter of 
priorities of water rights in district number * * * , as the case may be, which 
statement shall contam the name or names, together with the post-office address of 
the claimant or claimants claiming ownership, as aforesaid, of any such ditch, canal, 
or reservoir, the name thereof (if any), and, if without a name, the owner or owners 
shall choose and adopt a name, to be therein stated, by which snch ditch, canal, or 
reservoir shall thereafter be known, the description of such ditch, canal, or reservoir, 
as to location of head-gate, general course of ditch, the name of the natural stream 
from which snch ditch, cansu, or reservoir draws its supply of water, the length, 
width, depth, and grade thereof, as near as may be, the time, fixing a day, month, 
and year as the date of the appropriation of water by original construction, also by 
any enlargement or extension, if any such thereof may have been made, and the 
amount of water claimed by or under such construction, enlargement, or extension, 
and the present' capacity of the ditch, canal, or feeder of reservoir, and also the num- 
ber of acres of land lying under and being or proposed to be irrigated by water from 
such ditch, canal, or re^rvoir. Said statement shall be signed by the proper party 
or parties. (Sec. 1, pp. 142, 143, Acts 1881, 1763.) 

The secretary of state shall, without delay, after the passage of this act. cause a 
certified copy of the foregoing section, giving the date of the ai)proval of this act, to 
be published in one of the public newspapers published in such county in which part 
or portion of any water district is or shall be established by law at the time of such 
publication ; and said section 1 shall be published, as aforesaid, once in each and 
every week continuously in sai4 paper until said 1st d^y of June, 1881, and in case 
in the mean time any one of said papers shall cease to be published, then snch publi- 
cation shall be made in some other paper in same county (if any), and on conclusion 
of such publication such publisher of such paper shall deliver to the secretary of 
state his sworn certificate of publication in duplicate, showing that such publication 
has been made in his paper in compliance with the preceding section hereof, and 
stating the first and last day of such publication ; and he shall thereupon be entitled 
to receiye from the secretary of state a certifies^ of the amount due him for snch 
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poblication, on presentation of which to the aaditor ot state he shall draw his war- 
rant for the amonnii in favor of the holder on the State treasurer, who shall pay the 
same according to law. (Sec. 2, pp, 143, 144, Acts 1881, 1764.) 

When at any time after the Ist day of Jane, A. D. 1881, any one or more per^ODs, 
associations, or corporations, interested as owners of any ditch, canahnor reservoir in 
any water district shsJl present to the district coart of any county havinc Jurisdic- 
tion or priority of rights to the use of water for irrigation in such water district ac- 
cording to the provisioDs of (sec. 19, G. S., 1762) an act eutitled "An act to regulate 
t^e use of water for irrigation and providing for settling the priority of rights thereto, 
and for payment of the expenses thereof, and for payment of all costs and expenses 
incident to said regulation of use, or to the judge thereof in vacation, a motion, pe- 
tition, or application in writing, moving or praying said court to proceed to an adju- 
dication of the priorities of rights to use of water ror irrigation between the several 
ditches, canals, and reservoirs in sucb district, the court, or judge thereof in vaca- 
cation, shall, without unnecessary delay, in case he shall deem it pr#Bticable to pro- 
ceed in open court, as prayed for, by an order to be entered of record upon such mo- 
tion, petition or application, appoint a day in some regular or special term of said 
court for commencing to hear and take evidence in such adjudication, at which time it 
shall be the duty of the court to proceed to hear all evidence which may be ofifered by or 
ou behalf of any person, association, or corporaiion interested in any ditch, canal, or 
^servoir in such district, either as owner or consumer of water therefrom, in support of 
or against any claim or claims of priority of appropriation of water made by means 
of any ditch, canal, or reservoir, or by any enlargement or extension thereof in such 
district, and consider all such evidence, together with any and all evidence, If any, 
which may have been heretofore offered and taken in such district in the same mat- 
ter by any referee heretofore appointed under the provisions of said act above herein 
mentioned, and also the arguments of parties or their counsel, and shall ascertain 
and find from such evidence, as near as may be, the date of the commencement of 
such ditch, canal, or reservoir, together with the original size and carrying capacity 
thereof as originally constructed, the time of the commencement of each enlargement 
or extension thereof, if any, with the increased capacity thereby occasioned, the 
time spent severally in such construction and enlargement, or extension and re-en- 
largement, if any, ihe diligence with which the work was in each case prosecuted, 
the nature of the work as to difficulty of construction, and all such other facts as 
may tend to show the compliance with the law, in acquiring the priority of right 
claimed for each such ditch, canal, or reservoir, and determine the matters put in evi- 
dence, and make and cause to be entered a decree determining and establishing the 
several priorities of ri^ht, by appropriation of water, of the several ditches, canals, 
and reservoir [reservoirs] in such water district, concerning which testimony shall 
have been offered, each according to the iime of its said construction and enlarge- 
ment or enlargements or extensions, with the amount of water which shall be held 
to have been appropriated by such construction and enlargements or extensions, 
describing such amount by cubic feet per second of time, if the evidence shall show 
sufficient data to ascertain such cubic feet, and if not, by width, depth, and grade, 
and such other description as will most certainly and conveniently show the amount 
of water intended as the capacity of such ditch, canal, or reservoir, in such decree. 
Said court shall further order that each and every party interested or claiming any 
such ditch, canal, or reservoir shall receive from the clerk, on payment of a reason- 
able fee therefor, to be fixed by the court, a certificate under seal of the court show- 
ing the date or dates and amount or amounts of appropriations a^ud^ed in favor of 
such ditch, canal, or reservoir under and by virtue of the construction, extension, 
and enlargements thereof severally ; also specifying the number of said ditch and of 
each priority to which the same may be entitled by reason of such construction, ex- 
tension, and enlargements. (Sec. 4, pp.144-5-6. Acts 1881.) 

The holder of such certificate shall exhibit the same to the water commissioner of 
the district when he commences the exercise of his duties, and as such water commis- 
sioner shall keep a book in which shall be entered a brief statement of the contents 
of such certificate, and which shall be delivered to his successor, and said certificate, 
or statement thereof in his book, shall be the warrant of autnority to said water 
commissioner for regulating the flow of water in relation to such ditch, canal, or res- 
ervoir. Said certificate shall be recorded, at the same rates of charges as in cases of 
deeds of conveyance, in the records of each county into which the ditch, canal, or 
reservoir to which such certificate relates shall extend ; and said certificate or 
said record thereof, or a duly certified copy of such record, shall be prima facie evi- 
dence of so much of said decree as shall be recited therein in any suit or proceeding 
in which the same may be relevant. (Sec. 5, pp. 146 — 7, Acts 1881, 1767.) 

Notice shall be given by the clerk of said court of the time so appointed by pub- 
lishing the same in one public newspaper in such county into which such water dis- 
trict may extend, which notice shall be so published in such p&per once in each week 
«ntil four successive weekly publications shall have been made, the last of which shall 
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be on a day preyions to the day appointed as aforesaid. Said notice shall contain a 
copy of said order, and shall notify all persdns, associations, and corporations inter- 
ested as owners in any ditch, canal, or reservoir in such water district to appear at 
said coart at the time so appointed and file a statement of claim nnder oath, m case 
no statement has been before filed by him, her, or them, showing the ditch, canaL or 
reservoir, or two or more snch, in which he, she, or they claim an interest, together * 
with the names of all the owners thereof, which statement may be made by any one 
of the owners of such ditch, canal, or reservoir for and in behalf of all ; and also that 
all persons interested as owners or consumers may then and there present his, her, or 
their proofs for or against any priority of right of water by appropriation songht to 
be shown by any party by or through any snch ditch, canal, or reservoir (either as 
owner or consumer of water drawn therefrom). Ten printed copies of said notice 
shall alho be posted in ten public places in such water district not less than twenty 
days before the day so appointed, which copies shall be so posted by the party or 
parties moving the adjudication. (Sec. 6, p. 147, Acts 1881, 1768.) 

Proof of the proper publication of said notice or notices in said public papers shall 
consist in snch case oftbe sworn certificate of the publisher of such newspaper, show- 
ing the publication to ha^ce been made in accordance with the provisions of section 3, 
of this act, which certificate shall be procured by the party or parties moving the ad- 
judication at his or their expense, and on said certificate being filed the clerk shall 
enter the amount of the printer's fee therefor as costs advanced by the party pro- 
curing the same, which sum shall be connt«dto his, her, or their credit in distribution 
of cost. Proof of the posting of said printed copies shall be made by the affidavit of 
some credible person, certified to be such by the clerk or other officer administering 
the oath, showing when, where, and how said copies were posted. (Sec. 7, pp. 147-8, 
Acts 1881, 1769.) 

The party or parties moving snch adjudication shall cause' a printed or written 
copy of the notice aforesaid, published as aforesaid, to be served on every person, as- 
sociation, or corporation shown by the statement of claim on file, as provided in sec- 
tion 1 hereof, which service shall be made within ten days from the time of the first 
publication by the clerk, by any credible person certified by said clerk or referee to be 
such, by delivering such copy as aforesaid to the person to be served, if such person 
by due diligence can be found in the county of his residence. If such person can not 
be found, as aforesiaid, then by leaving such copy at his or her usual place of resi- 
dence, if he or she have such residence, in charge of some person of the age of four- 
teen years or over there residing ; and on any corporation by delivering the copy to 
the president, or vice-president, or secretary, of treasurer thereof, or the manager or 
superintendent in eharge of their ditch, canal, or reservoir, or authorized agent or at- 
torney, or by leaving such copy at the office or usual place of business of such cor- 
poration, and the proof of such service shall be made by affidavit of the person or 
persons serving said copies, showing when and how such service has been made on 
snch party. In case of parties not served in any manner as aforesaid the clerk shall 
deposit in the post-office, duly inclosed in an envelope with the proper postage stamp 
thereon, a copy directed to the address of such party, shown in the statement of 
claim aforesaid, filed by him or her nnder section 1 hereof. (Sec. 8, pp. 148-9, Acts 
1881, 1T70.) 

The court, in making such decree, as aforesaid, shall number the several ditches and 
canals in tne water district concerning which adjudication is made in consecutive 
order, according to priority of appropriation of water thereby made by the original 
construction thereof, as near as maybe, having reference to the date of each decree as 
rendered, and shall also number the reservoirs in like manner separately from ditches 
and canals, and shall further number each several appropriation of water consecu- 
tively, beginning with the oldest appropriation, without respect to the ditches or res- 
ervoirs by means of which such appropriations were made ; whether such appropria- 
tion shall have been made by means of construction, extension, or enlargement, which 
number of each ditch, canal, or reservoir, together with the number or numbers of any 
appropriations of water held to have been made by means of the construction, exten- 
sion or enlargement thereof, shall be incorporated in said decree and certificate of the 
clerk, to be issued to the claimants, as provided in section 1 of this act, so as to show 
the order in priority of such ditch or canal ; and of such reservoir, and also of such 
successive appropriation of water pertaining thereto, for the information of the water 
commissioner of the district in distributing water, such numbering to be as near as 
may be having reference to date of decrees as rendered. (Sec. 9, p. 149, Acts 1881, 
l)tl.) 

If for any cause the judge of said court shall deem it impracticable or inexpedient 
to proceed to hear such evidence in open court, he shall, instead of the order men- 
tioned in section 4 of this act, make and cause to be entered of record an order ap- 
pointing some, discreet person, properly qualified, a referee of said court, to whom 
shall be referred the statement of claim aforesaid on file in said matter, the matter of 
taking evidence and reporting the same, making an abstract and findings upon the 
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flame, and prepaTine a decree in said adjadication ; and also in case of any water dis- 
triet in wbioh a reteree has been heretofore appointed, and evidence taken by him 
antler the provisions of the act, the title of which is recited in section 4 of this act ; 
•tvsh evidence so already taken, together with the abstract thereof and report of the 
referee who took the same, shall be also referred to said referee, to be appointed as 
aforesaid, and he shall proceed with his duties as hereinafter provided, first taking 
an oath [of] office, snch as is required to be taken by referees in other cases under the 
provisions of the code of civil procedure. (Sec. 10, pp. 149-50, Acts 18U1,1772.) 

Said referee shall prepare and publish a notice containing a copy of the order ap- 
pointing him, in which notice he shall appoint a time or times and place or places 
suitable and convenient for the claimants in such water districts at which he will 
attend for the purpose of hearing and takinf|p evidence touching the prioritv o£ right 
of the several ditches, canals, and reservoirs in said district, and notifying all persons, 
associations, and corporations interested as owners or consumers of waters [water] to 
attend by themselves, their agents, or attorneys, at the times and places appointed in 
said notice, and notifying such owners to then and there file a statement of claim in 
ease such statement has not been already filed under the provisions of section 1 hereof, 
sdch as mentioned in section 6 hereof, and present their proofs touching any priority 
of right claimed by them for any ditch, canal, or reservoir in said district, which 
notice shall be published in same manner and times and in all respects according to 
the provisions for publication of the newspaper notices mentioned in section 6 of this 
act, and proof'of such publication shall be made in the same manner as is provided in 
section 7 of this act ; and he shall also post ten or more printed copies of such notice in 
ten or more public places in said district, which copies shall be so posted at least 
twenty days before the time of commencing to take said evidence. (Sec. 11, p. 150, 
Acts 1881, 1773.) 

Proof of the posting of said copies shall be made by the affidavit of said refidreo or 
other person certified by him to be a credible witness, which shall show when, where, 
and how the said copies were posted, and shall be filed by him with his report. (Sec. 
12, p. 151, Acts 1881.) 

Said referee shall attend at the times and places mentioned in his said notice, for the 
purpose therein mentioned ; and all persons, associations, choosing to do so, and 
being interested as owners of or consumers of water from any ditch, canal, or reser- 
voir m said district, and may also attend by themselves, their agents or attorneys, 
1>efore said referee, at some one or more of said times and places so appointed, and 
sliali have right to offer any and all evidence they may think advisable for their in- 
terests, in the matter to be adjudicated, as well in districts in which evidence has 
lieen heretofore taken as in other districts. All such evidence as has been heretofore 
taken, if any, in such district, shall be kept present by said referee, subject to in- 
Hpeotion by any party desiring to examine the same for purposes of the investigation. 
(Sec. 13, p. 151, Acts 1881, 1775.) 

Said referee shall have power to administer oaths to all witnesses, and to issue 
sitbpcBnas for witnesses and subpcenas duces tecum, which subpoenas may be served by 
any party, or constable, or sheriff, or deputy sheriff, and may require witnesses to ap- 
pear at any of the places apiK)inted by said referee for taking evidence. He shall 
l>errait all witnesses to be examined by the parties calliog them respectively, and to be 
cross-examined by any party interested, and he shall take all testimony in writing, and 
note all objections offered to any part of the testimony taken, with the cause assigned 
for the objection, and shall proceed in all other respects as in case of taking depositions. 
He shall certify all books and papers offered by any one in his own behalf, and pre- 
serve them with the testimony offered concerning the same, and in case of books 
and papers offered in evidence, which shall not be under the control of the party 
desiring the evidence for which such books may be offered, said referee shall make a 
true copy of the parts demanded and certify the same, and preserve the same, together 
with the evidence offered concerning the same and concerning said books and papers, 
as part of the evidence in the matter. (Sec. 14, pp. 151-2, Acts 1881. 1776.) 

No person, association, or corporation willfully refusini^ to produce any book or 
X>ftj)er, if in his or their power to do so, when rightfully demanded for examinatiiHi 
and copying, shall be allowed the benefit of any testimony or proofs in his, her, or 
their behalf, in making final adjndieation, if the conrt shall be satisfied, from all the 
evidence shown concerning such refusal, that the same was willful. (Sec. 15- p. 152, 
Acts 1881, 1777.) 

Said referee shall also examine all witnesses to his own satisfaction, touching any * 
point involved in the matter in question, and shall ascertain as far as possible the 
date of the commencement of each ditch, canal, or reservoir, with the original size 
and carrying capacity thereof, the time of the commencement of each enlargement 
tlwreof, with the increased carrying capacity thereby occasioneil, the l«»ngtb of time 
spent in snch construction or enlargement, the diligence with which the work was 
prosecuted, the nature of the work as to difficulty of construction, and all such -other 
facts as may tend to show compliance with the law in acquiring the priority of right 
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claimed for sacb. diteb, canal, or reservoir; and npon all the facts so obtained sball 
be determined the relative priorities among the several ditches, canals, and reser- 
voirs, the volume or amonut of water lawmlly appropriated by each, as well as by 
means of the constrnotion, as by the enlargements thereof, and the time when each 
snoh several appropriations took effect. (Sec. 16, p. 152, Acts 1881, 1778.) 

Every person present before said referee at any time when he shall be engaged in 
hearing testimony, who shall willfully distorb the proceedings ; and every person 
who sball willfnliy refnse or neglect to obey the subposna issned by said referee, 
when his lawful fees shall be tendered him for his attendance before the referee, 
shall be guilty of contempt of the court appointing such referee, and on complaint, 
nnder oath of the referee or other person, before the said district court, or judge 
thereof in vacation, may be brought before the court or judge and dealt with accord- 
ingly. (Sec. 17, pp. 153-3. Acts 1881, 1779.) 

Every witness who shall attend before said referee under snbpcena, by request of 
any party, shall be entitled to the same fees and mileage as witnesses before the 
district court in the county in which he shall so attend, and shall be paid by the 
party requiring his testimony. (Sec. 18, p. 153, Acts 1881, 1780.) 

The said referee shall take all the testimony offered, and for that purpose shall 
give reasonable oi)portunity to all parties to be heard, and may at any place, when 
the time limited thereat shall expire, adjourn the further taking of testimony then 
proposed or desired to be offered to the next place in order according to his said 
published appointments, and at the last place may continue until all testimony shall 
be taken or ^lake further appointments at any former place or places as may seem 
best and most con venient for all parties, giving reasonable notice thereof. (Sec. 19, 
p. 15.3, Acts 1881, 1781.) 

Said referee, upon closing the testimony, shall proceed to carefully examine the^ 
same, together with all testimony and proo& which may have been heretofore taken 
by any former referee in the same district, if any such shall have been taken under 
the provisions of said act, the title of which is recited in section 4 of this act ; 
he shall make an abstract of all the testimony and proofs in his possession concerning 
each ditch, canal, and reservoir separately,, and shall number each ditch and canal 
in order, and likewise each reservoir, each class coiisecutively, and also number the 
several appropriations of water shown by the evidence, all in manner and form as 
provided in section ^ hereof, and shall make a separate finding of all the facts 
connect ed with each ditch, canal, and reservoir, touching which evidence shall have 
been offered ; and he shall prepare a draught oi a decree in accordance with his said 
findings, in substance the same as^life decree mentioned in section 4 of this act, 
and conformable also to the provisions of section 9 hereof, so far as the same are 
applicable, which decree, so prepared IWubini, shall be returned with his report to 
the court, and he shall file his report wWPlaid evidence, abstract, and findings, and 
said decree, with the .clerk of the court, and inform the judge of so doing without 
delay. (Sec. 20, pp. 153-4, Acts 1881, 1782.) 

Upon the filing of said report the court, or judge thereof in vacation, shall cause 
an order to be entered setting some day in a regular or special term of said court as 
soon as practicable, when the court will proceed to hear and determine the report, at 
which time any party interested may appear, himself or counsel, and move exceptions 
to any matter in the findings or decree made by said referee, and after hearing the 
same the court shall, if the decree reported be approved, cause the same to be entered 
of record, or otherwise such modifications thereof, or other decree as shall be found 
just and comformable to the evidence and the true intent of this act, and to so much 
of any and »11 former laws of the State as shall be adjudged consistent herewith. 
(Sec. 21, p. 154, Acts 1881. 1783.) 

No claim of priority of any person, association, or corporation, on account of any 
ditch, canul, or reservoir, as to which he, or she, or they, shall have failed or refused 
to offer evidence under any adjudication herein provided for, or heretofore provided 
by this act, the title of which is recited in section 4 hereof, shall be regarded by 
aiy water commissioner in distributing water in times of scarcity thereof, until such 
time as such party shall have by application to the court having jurisdiction ob- 
tained leave and made proof of the priority of right to which such ditch, canal, or 
reservoir shall be justly entitled, which leave shall be granted in all cases upon 
terms as to notice to other parties interested, and on payment of all costs, and upon 
affidavits or petition sworn to, showing the rights claimed, and the ditches, canals, 
and reservoirs, with the names of the owners thereof against which such priority is 
claimed, nor until a decree adjudging such priority to such ditch, canal, or reservoir 
has been entered, and certificate, such as mentioned in section 4 hereof, shall have 
been issned to claimant and presented to the water commissioner. CSec. 22, pp. 
154-5, Acts 1881, 1784.) 

Every party interested shall have the right to complain to the court of any act of 
willful neglect or oppression on the part of the said referee in exercising his powers 
nnder this act, whereby such party shall have been aggrieved, either by refusal of 
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said referee to hear or take evidence offered, or by preveoting reasonable opportunity 
to offer sQch evidence ; and the court may order such proceedings in the premises as 
will give redress of the grievance, at the cost of said referee, if he appear willfully 
in fault; otherwise, in case of accident or mist&ke, costs shall be awarded as to the 
court shall seem just. (Sec. 23, p. 155, Acts 1881, 1785.) 

The district court, or judge thereof in vacation, shall have power to make all 
orders and rnles consistent with this act which may be found necessary and expedi- 
ent, from time to time during the progress of this case, for carrying out the intent of 
this act, and of all parts consistent therewith of the said act, the title of which is 
recited in section 4 hereof; as well as touching the proceedings in court, as of the 
acts and doings of said referee, for the purpose of secnring to any party aggrieved 
by the acts of said referee or any proceeding of the court, opportunity for redress ; 
and this act shall be construed liberally in all courts, in favor of securing to all per- 
sons interested the just determination and protection of their rights. (Sec. 24, p. 
155, Acts 1881, 1786. )• 

No persons, associations, or corporation representing any ditch, canal, or reservoir, 
shall be permitted to give or offer any evidence before said referee until he, she, or 
they shall have filed a statement of claim in substance the same in all respects as is 
required to be filed under the provisions of section 1 hereof. (Sec. 25, p. 155, Acts 
1881, 1787.) 

The district court, or judge thereof in vacation, shall have power to order, for 
good cause shown, and upon terms just to all parties, and in such a manner as may 
seem meet, a re-argument or review, with or without additional evidence, of any de- 
cree made under the provisions of this act, whenever said court or judge shall find 
from the cause shown for that pnrpose by any party or parties feeling aggrieved, that 
the ends of justice will be thereby promoted; but no such review or re-argument 
shall be ordered unless applied for by petition or otherwise within two years from 
the time of entering the decree complained of. (Sec. 26, p. 156, Acts 1881, 1786. ) 

Auy party or parties representing any ditch, canal or reservoir, or any number 
of parties representing two or more ditches, canals^ or reservoirs, which are affected 
in common with each other by any portion of such decree, by which he or she or they 
may feel aggrieved, may have an appeal from said district court to the supreme 
court, and in such case the party or parties joining, desiring an appeal, shall be the 
appellants, and the parties representing any one or more ditches, canals, or reservoirs 
affected in common adversely to the interests of appellants shall be the appellees. The 
party or parties joining in such appeal shall file a statement in writing, verified by affi- 
davit properly entitled in such cause in thedj^^iiGt court, which statement shall show 
that the appellants claim a valuable interest in the ditch, canal, or reservoir, or two 
or more of such, which are affected in common with each other by some portion of 
said decree ; also stating the name or nanup^r otherwise the description of the same, 
and the name or names, or otherwise the description of any one or more other ditches, 
canals [or] reservoirs, which by said decree derive undue advantage in respect of 
priority as against that or tlfose represented by appellants ; and also setting forth the 
name or names, of the party or parties claiming such other one or more ditches, canals 
or reservoirs, affected in common by said decree adversely to the interest of appellant 
or appellants, and praying that an appeal be allowed against such other parties as 
appellees. If the court or judge in vacation, on examination, find such statement in 
accordance with the statements of claim filed by the parties named as appellees, men- 
tioned in sectiou 1 of this act, he shall approve the same and make an order to be pre- 
pared and ()reseuted by the appellants allowing the appeal and showing the name oir 
names of the appellants and appellees, with the name or names or description of the 
one or more ditches, canals, or reservoirs claimed by the party or parties appellant 
and appellee, as shown by their several statements of claim filed as aforesaid, befbre 
the taking of testimony, and fix the amount of the appeal bond, which bond shall be 
executed by one or more of appellants, as principal or principals, and by sufficient 
securities, and approved by the coui-t or judge in vacation, and shall be conditioned 
for the payment of all costs which may be awarded against the appellants or any of 
them in the supreme court. (Sec. 27, pp. 156-157, Acts 1881, 1789.) 

The order last aforesaid shall be entered of record, and the appellant or appellants 
shall cause a certified copy thereof to be served on each of the appellees^ by deliver- 
ing the same to him or her, if he or she may be found, or otherwise serving the same 
in manner the same as may be at the time provided for serving summons from the dis- 
trict court by the laws then in force, and shall also cause the said order to be pub- 
lished in the same manner as the notices required to be published by the referee men- 
tioned in section 11 of this act, and proof of the publication in any newspaper shall 
be the same as* in case of said referee's notice, and proof of the posting of the ten 
printed copies in the district shall be by affidavit of the parties posting the same, 
witJi the certificate of the clerk of the district court appealed from, that the affiant 
is a known and credible person. (Sec. 28, p. 157, Acts 1881, 1790.) 

The appellant or appellants shall file the transcript ot record of the district court 
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with the clerk of the sapreme court at any time within six months after the appeal 
shall he allowed as aforesaid. Only so mnch of the decree appealed from, and so much 
of the evidence as shall affect the appropriations of water claimed by means of the 
constrnction or enlargement or re-enlargement of the several ditches, canals, and res- 
ervoirs mentioned in the order allowing the appeal, need be copied into the bill of 
exceptions. (Sec. 29, pp. 157-158, Acts 1881, 1791.) 

The supreme conrt, on distnissal of such appeal, or on affirming or reversing the 
parts of the decree appealed from, in whole or in part, shall award costs, as in its dis- 
cretion shall be found and held to be equitable. (Sec. 30, p. 158, Acts 1881, 1792.) 

The supreme court, in all cases in which judgment is rendered, and any part of the 
decree appealed from is reversed, and in which it may be practicable, shall make such 
decree in the matters involved in the appeal as should have been made by the district 
court, or direct in what manner the decree of that court should be amended. (Sec. 
31, p. 158, Acts 1881, 1793.) 

The said proof of the service and publication of said order allowing the app«a^ 
shall be filed with the clerk of the. supreme court within sixty days after tiie making 
of said order, and if not so filed the supreme court shall, on motion of the appellee 
or any of the appellees, at any time after such default in filing said proof, and before 
the said proof shall be filed, dismiss such appeal, and if the transcript of record be 
not filed within the time limited by section 29 of this act, such appeal shall, on 
motion, be dismissed. After the filing of the record and proof of service aforesaid 
the cause on appeal shall be proceeded with as the rules of the supreme court, or such 
special rules as said court may make in such cades, and their order from time to time 
thereunder may require. Said court shall have power to make any and all such 
rules concerning such appeals as may be necessary and expedient in furtherance of 
this act, as well as to preparation of the case for submission as to supplying defi- 
ciencies of record, if any, and for avoiding unnecessary costs and delay. (Sec. 32, p. 

158, Acts 1881, 1794.) 

* The district court, or judge thereof in vacation, in case of the death, resignation, 
illness, absence, or other disability of the referee hereby provided for, or for any 
misconduct in hitn, or other good cause to such judge appearing, shall appoint such 
other properly qualified person in his stead as he shall deem proper, who shall pro- 
ceed without delay to perform all the duties of his office, as herein pointed out, which 
shall remain unperformed by his pred^essor in office. (Sec. :^, p. 159, Acts 1881, 
1795.) 

Nothing in this act or in any decree rendered under the provisions thereof, shall 
prevent any person, association or corporation from bringing and maintaining any 
suit or action whatsoever hitherto allowed in any court having jurisdiction to deter- 
mine any claim of priority of right to water, by appropriation thereof, for irrigation 
or other purposes, at any time within four years after the rendering of a final decree 
under this act in the water district in which such rights may be claimed, save that no 
writ of injunction shall issue in any case restraining the use of water for irrigation in 
any water district wherein such final decree shall have been rendered, which shall 
eifect [affect] the distribution or use of water in any manner adversely to the rights 
determined and established by and under such decree, but injunctions may issue to 
restrain the use df any water in such disirict not affected by such decree, and restrain 
violations of any right thereby established, and the water commissioner of every dis- 
trict where such decree shall have been rendered shall continue to distribute water 
according to the rights of priority determined by such decree, notwithstanding any 
suits concerning water rights in such district, until in any suit between parties the 
priorities between them may be otherwise determined, and such water commissioner 
have official notice by order of the court or judge determining such priorities, which 
notice shall be in such form and so given as the said judge shall order. (Sec. 34, p. 

159, Acts 1881, 1796.) 

After the lapse of four years from the time of rendering a final decree in any water 
district, all parties whose interests are thereby affected shall be deemed and held to 
have acquiesced in the same, except in case of suits before then brought, and there^ 
after all persons shall be forever barred from setting up any claim to priority of rights 
to water for irrigation in such water district adverse or contrary to the effect of such 
decree. (Sec. 35, p. 160, Acts 1881, 1797.) 

The referee appointed [as provided] in this act shall be paid the sum of |6 per day 
while-engaged in discharging his duties as herein provided, and also his reasonable 
and necessary expenses and mileage at the rate of 10 cents for each mile actually and 
necessarily traveled by him in going and coming in the discharge of his duties as 
such referee, which said per diem allowance, expenses, and mileage shall be paid out 
of the treasury of the county in which such water district shall lie, if it be contained 
in one county, and if such water district shall extend into two or more counties, then 
in equal parts thereof, shall be paid out of the treasury of such county into which 
such district shall extend. He shall keep a just and true account of his services, ex- 
penses, and mileage, and present the same from time to time to the district court, or 
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judge io vacation, verifying the same by oath, and the judge, if he finds the same cor- 
i^fit and just, shall eertify hisapjirovai thereof thereon, and the same shall there- 
-wpon bo allowed by the board of county commissioners of the county in which said 
•w«ter district shall lie. but if said [water district] extend into two or more counties, 
ho^ shall receive from the ctork of the district court separate certificates under seal of 
the court, showing the amount due liim from each county, upon which certificate the 
board of conn tycomnii8sionei*s of the respective counties shall allow the same on 
presentation thereof. (Sec. 36, p. 160, Acts 1881, 1798. 

All laws and parts of laws heretofore in existence inconsistent with the provisions 
of this act, shall be and the same are hereby appealed. (Sec. 37, p. 160, Acts 1881, 
1799. 

NothiA^ herein contained shall be construed to authorize any sheriff to serve any 
writ outside tbe limits of his own county, or give effect to any record by way of 
notice or otherwise, in any connty other than tnat in which it belongs. (Sec. 3Q, p. 
106, Acts 1889, 1800.) 

The fee»of the clerk of the district court for a service rendered under this act shall 
be ]Nud by the con ntieii interested in the same manner as the fees of the water com- 
fiiissioBMrs, upon the said clerk rendering his account, certified by the district judge, 
to the board or boards of county commissioners of said county or counties embracing 
the water district in case of which the services shall have been rendered. (Sec. 43, 
p.'108, Acts 1879, 1801.) 

Whenever testimony shall or may be taken in any district created by this act for 
the purpose of procuring a decree as to appropriation of water and priorities thereof, 
under the statutes of this State, any testimony theretofore takeu before any former 
referee may be introdnoed, and shall be received as evidence. (Sec. i?8, p. 259.) 

tAuy ditch company formed under the provisions of this (corporations) act shall 
have the right of way over the line named in the certificate. (Sec. 275 (85), p. 171, 
G. L., 309.) 

When any person owning claims in such locality (on the bank, margin, or neighbor- 
hood of any stream) has not sufficient length of area exposed to said stream to obtain 
a sufficient fall of water to irrigate his land, or that his farm or land used by him 
for agricultural purposes is too far removed from said stream, and that he has no 
water facilities on those lands, he shall b^^ entitled to a right of way through the 
farms or tracts of lands which lie l>etween him and said stream, or the farms or tracts 
of lands which lie above or below him ou said stream, for the purposes hereinbefore 
stated. (Sec. 2, p. 67, acts 1861. Sec. 2, p. 362, R. S. Sec. 1373(2), p, 515, G. L. , 1712.) 

Such right of way shall extend only to a ditch, dike, or cuttiug sufficient for the 
purpose required. (Sec. 3, p. 67, acts 1861. Sec. 3, p. 363, R. S. Sec. 1734 (3), p. 115, 
G. L., 1713.) 

Upon the refusal of the owners of tracts of land or lands through which said ditch 
is proposed to run to allow of its passage through their proi>erty the person or per- 
sons desiring to open such ditch may proceed to condemn and take the right of way 
therefor (■ nder the provisions of the "eminent domain act"). (Sec. 1376 (5), p. 
516, G. L., 1715.) 

No tract or parcel of improved or occupied land in this State shall, without the 
written consent of the owner thereof, be subjected to the burden ot two or more irri- 
gating ditches constructed for the purpose of conveying water through said property 
to lands adjoining or beyond the same when the same object can feasibly and prac- 
ticably be attaineid by uniting and conveying all the water necessary to be conveyed 
through such property in one ditch. (Sec. 1, p. 164, acts 1881, 1716.) 

Whenever any person or persons find it necessary to convey water for the purpose 
of irrigation through the improved or occupied lands of another, he or they shall 
s^ect for the line of such ditch through such property the shortest and most direct 
route practicable upon which said ditch can be constructed with uniform or nearly 
uniform grade and discharge the water at a point where it can be conveyed to and 
used upon the land or lands of the person or persons constructing such ditch. (Sec. 
2, p. 164, acts l^'81, 1717.) 

No person or persons having constructed a private ditch for the purposes and in 
the manner hereinafter provided shall prohibit or prevent any other person or per- 
sons from enlarging or using any ditch by him or them constructed in common with 
him or them upon payment t« him or them of a reasonable i)roportion of the costs of 
cmistruction of said ditch. (Sec. 3, p. 164, acts 1881, eminent domain, 1718.) 

Tlie right of way shall not be refused by the owner of any tract of laud upon which 
it is required (by those who wish to place wheels upon the bank of a streani), subject, 
of course, to the like regulations as required for ditches, and laid down in .sections 
hereinbefore enumerated. (Sec. 8, pp. 63-9, acts 1861. Sec. 6, p. 364, R. S. Sec. 
1377 (6), p. 516, G. L., 1727.) 

If any corporation formed under this (corporations) act for the purpose of construct- 
ing a * ** * ditch * * * shall be unable to agree with the owner for the pur- 
chase of any real estate required for the purposes of any such corporation or company. 
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• f the transaotion of the business of tUe same, or for right of way, or any other law 
ial purpose connected with or necessary to the operations of snch company, snch cor- 
porations n^ay acquire snch title in the manner provided by law. (Sec. 304 (114), p. 
181^, G. L., 338.) 

Any company formed under the provisions of this act for the pnrpose of oonstmct- 
^g ^ * € * ditch • * * may cause snch examination and survey as may t>e 
necessary to the selection of the most advantageous route, and for such purpose, by 
its officers, agents, or servants, may enter upon the lands of any person or corporation, 
but subject to liability for all actual damages which shall be occasioned thereby. 
(Sec. 305 (115), p. 183, G. L., 3;W.) 

Persons desirous to construct and maintain reservoirs for the purpose of storing 
water shall have the right to take from any of the natural streams or the State and 
store away any nnappropriated water not needed for immediate use for domestic or 
irrigating purposes ; to construct and maintain ditches for carrying such water to 
and from snch reservoir, and to condemn lands for such reservoirs and ditches in the 
same manner provided by law for the condemnation of lands for right of way for 
ditches: Providedy' No reservoir with embankments or a dam exceeding ten feet in 
height shall be made without first submitting the plans thereof to the county com- 
missioners of the county in which it is situated and obtaining their approval of such 
plans. (Sec. 38, pp. 106-7, acts 1879, 1724.) 

The owners of any reservoir may conduct the water therefrom into and along any 
of 1 he natural streams of the State, but not so as to raise the waters thereof above 
ordinary high-water mark, and may take the same ont again at any point desired 
without regard to the prior rights of others to water from said stream ; but due allow- 
ance shall be made for evaporation and seepage, the amount to be determined by the 
commissioners of irrigation of the district ; or, if there are no such commissioners, 
then by the county commissioners of the connty in which the water shall be taken 
out for nse. (Sec. 39, p. 107, acts 1879, 1725.) 

The owners of the reservoirs shall be liable for all damages arising from leakage or 
overflow of the waters therefrom, or by floods caused by breaking of the embank- 
ments of such reservoirs. (Sec. 40, p. 107, acts 1879, 1726.) 

Every ditch company organized under the provisions of this (corporations) act shall 
be required to keep their ditch in good condition, so that the water shall not be allowed 
to escape from the same to the injury of any mining claim, road, ditch, or other prop- 
erty ; and whenever it is necessary to convey and ditch over, across, or above any 
lode or mining claims or to keep the water so conveyed therefrom, the company shall, 
if necessary to keep the water of said ditch out or from any claim, flumd the ditch so 
far as necessary to protect such claim or property from the water of said ditch. (Sec. 
278 (88), pp. 172-3, G. L., 312.) 

The owners of reservoirs shall be liable for all damages arising from leakage or 
overflow of the waters therefrom, or by floods caused by the breaking of the embank- 
m«mt8of such reservoirs. (Sec. 40, p. 107, acts 1879, 1726.) 

The owner or owners of any ditch for irrigation or other purposes shall carefully 
maintain the embankments thereof, so that the waters of such ditch may not flood 
or damage the premises of others, and shall make a tail ditch so as to return the 
water in such ditch with as little waste as possible into the stream from which it was 
ti^en. (Sec. 7, p. 36, R. S., with first clanse, amendment, 1872, p. 144, sec. 1, second 
clanse, sup. by sec. 2, p. 78, acts 1876, 1728.) 

Any ditch company constructing a ditch, or any individual having ditches for irri- 

fation, or for other purposes, wherever the same may be taken across any. public 
ighway or public traveled road, shall put a good substantial bridge, not less than 14 
feet in breadth, over such water-course where it crosses said road. (Sec. 10, p. 364, R. 
8. Sec. 1381 (10), p. 516, G. L., 1730.) 

When any such ditch oi* water-course shall be constructed across any public traveled 
ro.id, and not bridged within three days thereafter, it shall be the duty of the super- 
visor of the road district to put a bridge over said ditch or water-course, of the dimen- 
sions specified in section 10 of this chapter, and call on the owner or owners of the 
ditch to pay the expenses of constructing such bridge. (Sec. 11, p. 364, R. 8. Sec. 
1382 (21), p. 517, G. L., ITJl.) 

If the owner or owners of such ditch refuse to pay the bill of expenses so presented, 
the supervisor may go before any justice of the peace in the township or precinct and 
make oath to the correctness of the bill, and that the owner or owners of the ditch 
refuse payment; and thereupon such justice of the peace shall issue a summons 
against snch owner or owners, requiring him or them to appear and answer to the 
complaint of such supervisor in an action* of debt for the amount sworn to be due, 
such summons to be made returnable and served, and proceedings to be had thereon 
as in other cases ; and in case judgment shall be given against snch owner or owners 
the justice shall assess, in addition to the amount sworn to be dne as aforesaid, the 
sum of $10 as damages arising from the delay of such owner or owners, such judg- 
ment to be collected as in other cases, and to be a fund in the hands of the supervisor 
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of roads for tlie repairs of roads in such ureciucfe or district. (Sec. 12, p. 365, R. S. 
Sec. l;^3 (12), p. 517, G. L., 17:^2.) 

No person or persons, or corporation * * * shall cause waste water, or the 
water from any ditch, road, drain, or llunie or other placi?, to flow in or upon any road 
or highway so as to damage the same, and any such person or persons or corporation 
so oflending or violating any of the x)royisiohs of this s('.ction or any of the sections 
of this act, for which there is no specific penalty provided, shall pay a fine of not less 
than (10 nor more than $300 for each offense, and a like line of (10 for each day that 
buch obstruction shall be suffered to remain in said highway, and shall also be liable 
to any person or persons or corporation in a civil action for any damages resulting 
therefrom ; and it sliall be the duty of the road overseer in the district in which such 
violation shall occur to prosecute any person, persons, corporation, or corporations 
violating the provisions of this act. (As amended, p. 326, Session Laws, 188^, 21)88.) 

Any person or persons, corporation or company, owning or constructing any ditch, 
race, drain, or flume, in, upon, or across any highway, sball keep the highway open 
for safe and convenient travel by constructing bridges over such ditch, race, 'drain, 
or flume ; and within five days after any ditch is constructed across, in, or upon any 
highway at any point thereof so as to interfere with or obstruct snch highway, the 
person or persons owning or constructing such ditch shall erect a good and substan- 
tial bridge of not less than 20 feet in width across the same, which shall i hereafter 
be maintained by the county : Provided, That all such bridges which shall be of 
greater length than 20 feet, shall be constructed as herein provided, and thereafter 
maintained in proper condition for safe travel by the owner or owners of said ditch. 
Any person or persons, corporation or company, constructing any ditch, race, drain, 
or flume, in, upon or across any highway, and failing to keep the highway open for 
safe and convenient travel, as in this act provided, shall forfeit the sum of $25 to the 
county for each and every day of failure to keep the same open for safe and conven- 
ient travel as aforesaid. And any person or persons, corporation or company, who shall 
fail to erect a good and substantial bridge across any ditch, race, drain, or flume, 
within fivQ days after the same is constructed in, upon, or across any highway, and 
keep the same in proper condition and repair, as herein provided, shall for&it the sum 
of (25 to the county for each and every day of failure to erect such bridge and keep 
the same in repair, as aforesaid, together with the cost of constawting uiere a good 
and substantial bridge, or making neOessary repairs, which the road overseers of the 
district shall at once proceed to build or repair, and such party or parties so neglect- 
ing shall also be liable in damages to any person or persons damaged by such neglect. 
(As amended, session laws, 1885, p. 324, 2990.) 

The owner of any irrigating or mi?l ditch shall carefully maintain and keep the 
embankments thereof in good repair, and prevent the water from wasting. (Sec. 1, 
p. 78, acts 1876. Sec. 1*385 (1), p. 518, G. L., 1733.) 

During the summer season it shall not be lawful for any person or persons to run 
through his or their irrigating ditch any greater quantity of water than is absolutely 
necessary for irrigating his or their said land, and for domestic and stock purposes ; 
it being the intent and meaning of this section to prevent the wasting and useless dis- 
charge and running away of water. (Sec. 2, p. 78, Acts 1876. Sec. 1386 (2), p. 518, 
G. L., 1734.) 

Any person who shall willfully violate any of the provisions of this act, shall, on 
conviction thereof before any court having competent Jurisdiction, be fined in a sum 
of not less than $100. Suits for penalties under this act shall be brought in the name 
of the people of the State of Colorado. (Sec. 3, p. 78, Acts 1876. Sec. 1387 (3), p. 
518, G. L., 1735.) 

That the owner or owners of every irrigating ditch, flume or canal, in this State 
shall be required to erect and keep in good repair a head-gate at the head of their 
ditch, flume, or canal. Such head-gate, together with the necessary embankments, 
shall be of suflBcient height and strength to control the water at all ordinary stages. 

The frame- work of such iioad-gate shall be constructed of timber not less than 4 
inches square, and the bottom, sides, andgat^, or gates, shall be of plank not less than 
2 inches in thickness. (Sec. 1, p. 165, Acts 1881, 1736.) 

Owners of all ditches shall be liable for all damages resulting from their neglect or 
refusal to comply with the provisions of section 1 (G. S. 1736) of this act. (Sec. 2, p. 
165, Acts 1881, 1737.) 

Ditch owners are also required to construct and maintain a weir, or measuring de- 
vice at the heads of their ditches. (Ch. XIV.) 

Evei-y person who shall willfully open, close, change, or interfere with any head- 
gate or water-box, without authority, shall be guilty of a misdemeanor, and, on con- 
viction thereof shall be fined not less than $50, nor more than $300, and may be im- 
prisoned not exceeding sixty days. (Sec. 44, p. 108 Acts 1879, 1755.) 

Any person or persons who shall knowingly and willfully cut, dig, break down, or 
open any gate, bank, embankment, or side of any ditch, canal, flume, feeder, or reser- 
voir in which such person or persons may be joint owner, or the property of another, 
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or in the lawful possession of another or others, and nsed for the purpose of irrigation, 
manafactnring, mining, or domestic purposes with intent maliciously to injure any 
person, association, or corporation, or for his or her own gain, unlawfully, with in- 
tent or stealing, taking or causing to run or pour out of such ditch, canal, reservoir, 
feeder, or flume, any water for his or her own profit, benefit, or advantage, to the in- 
jury of any other person, persons, associations, or corporation, lawfully in the use of 
such water or of such ditch, canal, reservoir, feeder, or flume, he, she or they so of- 
fending shall be deemed guilty of a misdemeanor, and on conviction thereof shall be 
fined in any sum not less than $5 nor more than $300, and may be imprisoned in the 
county jail not exceeding ninety days. (Sec. 1, p. 163, Acts 1881, 1759.) 

Justices of the peace shall have jurisdiction or all offenses under the ])rovision8 of 
this act (G. S. 1759), saving to any party defendant the right to be tried by a jury, 
as in other criminal cases before such justices now provided for by law ; and also the 
right to appeal, in manner and form as by law now, or hereafter to be provided for 
by law, in criminal oases before such justices. (Sec. 2, p. 163, Acts 1881, 1760.) 

Every ]>erson whd shall willfully commit any trespass by entering upon the im- 
proved or inclosed land of another, without the permission of the owner thereof, with 
intent to cut, injure, or destroy any dam, dike, or embankment kept or maintained 
for the purpose of storing water in any lake, creek, or reservoir, shall, upon conviction 
tberefor, be punished by imprisonment in the county jail not less than ten days nor 
more than one year, or by a fine of not less than $50 and not more than $1,000, or by 
both such fine and imprisonment. (P. 165.) 

If any person shall unlawfully, wantonly, willfully, or maliciously, cut down, break 
down, level, demolish, or otherwise destroy or damage any bridge, embankment, mill- 
dam, or ditch, being the property of another « * * where the value of the per- 
sonal property destroyed or injured shall exceed $20, shall, on conviction, be ])un- 
isbed by imprisonment in the State penitentiary not more than five years, or by a 
fine not exceeding $1,000 ; or, where the value of the personal property destroyed or 
injured shall be $20 or under, shall, on conviction, be punished by a fine not exceed- 
ing $100, or imprisonment in the county jail not more tnan three months, or both snch 
fine and imprisonment in the discretion of the court. (As amended Session Laws 1885, 
p. 167, 903.) 

Any person who shall willfully or maliciouly damage or interfere with any * * * 
ditch, flume, ♦ ♦ * or any of the fixtures, tools, implements, appurtenances, or 
any property of any company which may be organized under the provisions of this 
act, upon conviction thereof before any court ofoompetent jurisdiction in the county 
where the offense shall have been committed, shall be deemed guilty of a misdemeanor, 
and shall be punished by fine or imprisonment, or both, at the discretion of the court, 
said imprisonment not to exceed one year, and said fine not to exceed $500, which 
fine shall be paid into the county treasury for the use of the common schools, and 
said offender shall also pay all damages that any such corporation may sustain, to- 
gether with costs of suit. (Sec. 297 (107), p. 180, G. L., 316.) 

If any person or persons shall hereafter throw or discharge into any stream of rnn- 
ning water, or into any ditch or flume in this State, any obnoxious substance, such 
as refuse matter from slaughter-house or privy, or slops from eating-houses or saloons, 
or any other fleshy or vegetable matter which is subject to decay m the water, such 
person or persons shall, upon conviction thereof, be punished by a fine not less than 
$100 nor more than $500 for each and every offense so committed. (Sec. 1, Acts 1874, 
p. 99. Sec. 165, p. 307, G.L. In force Feb. 13. 1874,882.) 

That it shall be lawful for any person or persons to float any and all kinds of tim- 
ber, such as saw- logs, ties, fencing poles or posts, and fire- wood down any of the 
streams of this State : Provided, That any person or persons desiring to float any 
snch timber down said streams shall first execute a bond running to the people of 
each county through which such timber is floated, in a sum sufficient to cover all 
damages that may oe done to any bridges, dams, or irrigating ditches that are now 
or may hereafter be constructed in or across any streams of this State, such bond to 
be approved by the board of county commissioners of the county or counties through 
which such timber is to be floated. (Sec. 1856 (1), p. 643, G. L.', 3259.) 

Water sold by the inch by any individual or corporation shall be measured as fol- 
lows, to wit : Every inch shall be considered equal to an inch square orifice under a 
5-inoh pressure, and a 5-inch pressure shall be from the top of tne orifice of the box 
put into the banks of the ditch to the surface of the water ; said boxes, or any slot 
or aperture through which such water shall be measured, shall in all cases be 6 
inches perpendicular, inside measurement, except boxes delivering less than 12 inches, 
which may be square, with or without slides. All slides for the same shall move hor- 
izontally, and not otherwise ; and said box put into the banks of ditch shall have a 
descending grade fh>m the water in ditch or not less than one-eighth of an inch to 

the foot. (&c.2779(3),p] -^ " . - -. - 

Acts 1874 and 1877, 3472.) 
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All persoiis for the purpose of weighing or measnriDg goods^ wares, merobandise, 
water, or other articles actually sold by him, not in accordance with this chapter, 
hall be deemed guilty of a misdemeanor, and upon conviction thereof may be im- 
prisoned not exo^ding one year, or fined not exoeeding $1,000, at the disoretioa of 
the court in which the conviction shall be obtained. (Sec. 2785 (9), p. 928, Q. Zt, 
Sec. 9, p. 309, Acts 1874, 3478.) 

Any company constructing a ditch under the provisions of this act shall furnish 
water to the class of persons using the water in the way named in the eertificatoy in 
the way the water is designated to be used, whether miners, mill men, farmers, or 
for domestic use, whenever they shall have water in their ditch unsold, and shall at 
all times give the preference to the use of water in said ditch to the class named in 
the certificate ; the rates at which water shall be furnished to be fixed by the connty 
commissioners as soon as such ditch shall be completed and prepared to famish 
water. (Sec. 277 (87), p. 172, G. L., 211.) 

The county commissioners of each county shall, at their regular January session in 
eaeh year, hear and consider any and all applications which may be made to thetn 
by an^ party or parties interested in procuring water for irrigation by purchase from 
any ditch. or reservoir furnishing and selling water, or proposing to furnish water for 
sale, the whole or upper part of which shall lie in such county, which application 
shall be supported by such affidavit or affidavits as the applicant may see proper to 
present, showing reasonable cause for such board to proceed to fix the price of water 
to be hereafter sold from snob ditch or reservoir, and [if] such board of commis- 
sioners shall, upon examination of such affidavit or affidavits, or from the oaths of 
witnesses in addition thereto, find that the facts sworn to show the application to be 
in good faith, and that there is reasonable grounds to believe that unjust prices are, 
or are likely to be, charged for water from such ditch or reservoir, they shall enter 
an order fixing a day, not sooner than forty days thereafter nor later than the third 
day of the [next] regular session of their board, when they will hear all parties 
directly or iudirectly interested in said ditch or reservoir, or in procuring wat^^ 
tlierefrom for irrigation, who may appear, as well as all the testimony by witnesses, 
or depositions taken on notices as hereinafter provided, touching the said ditch or 
reservoir, and the cost of furnishing water therefrom, at which time all persons or 
corporations interested in said ditch or reservoir, as well as all interested in obtain- 
ing water therefrom, or in lands which may be irrigated therefrom, may appear by 
themselves, their agents, or attorneys, and said commissioners shall then proceed to 
take action in the matter of fixing such x^rice of water ; provided the applicant shall, 
within ten days from the time of entering such order, cause a copy thereof, duly 
certified, to be delivered to the owner of such ditch or reservoir, if it be owned by 
one person, or each of the owners if it be owned by several persons, or to the pre^ 
dent, secretary, or treasurer of the company if it belongs to a corporation or assoeia^ 
tion having such officers, or if such owner can not be found he shall cause such copy 
to be left at his usual place of .residence, with some person or member of his family 
residing there, and over fourteen years of age, and if such ditch officer can not be 
found, he shall cause such copy to be left at the office or place of business of the company 
of which he is such officer, or at his residence if such company have no place of bnsi^ 
ness, and if such ditch is owned by several owners, not an incorporated company, it 
shall be sufficient to serve sueh notice by delivering one such copy each to a m^ority 
of them, and such applicant shall make affidavit of the manner in which such copy 
or copies have been served. Depositions mentioned in section 1 hereof^ to-be used 
before said commissioners, shall be taken before any officer in the State authorized 
by law to take depositions, upon reasonable notice being given to the opposite party 
of the time and place of taking such depositions. (Sec. 1, pp. 94-^&-^, Acts 1879, 1738. ) 

Said board shall hear and examine all legal testimony or proofe offered by any of 
the parties interested, as before mentioned, as well concerning the value of the oon^ 
struction of such ditch and reservoir ''as the cost and expense of maintaining and 
operating the same, and all matters which may affect the just price and value of 
water to be furnished therefrom ; and they shall have power to issue subpcenas to 
witnesses and compel their attendance, which subpoenas shall be served by the 
sheriff of the proper county when required ; and also to compel the production of 
books and papers required for evidence in as full and ample a manner as the district 
court now has. They may adjourn the hearing from time to time to further the ends of 
justice or suit the general convenience of parties. Upon hearing an [and] consider- 
ing all the matters and facts involved in the case, the board pf commissioners shall 
enter an order naming and describing the ditch or reservoir with sufficient certainty, 
and fixing a just price upon all water to be thereafter sold, which price shall not be 
thereafter changed of tencr than once in two years : Provided^ That no )[>rioe so fixed 
shall effect [affect] the rights of parties, or their lawful assignees or grantees, who 
may have contracts with the company, association, or person owning such ditch or 
reservoir, or their lessees, grantees, or successors, nor the rights of such owners, les^ 
sees, or grantees under such contract, nor shall it in any way affect or hinder the 
making of such contract. (Sec. 2, p. 96, Acts 1879, 1739.) ^.^^^^^ ^^ GoC 
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Any person or persons, aotdng jointly or severaUy, who shall have parehased anil 
nsed water for irrigation for lands ocqppied by him, her, or them, from any ditch or 
reservoir, and shall not have ceased to do so, for the purpose or with the intent to 
procure water from some other source of supply, shall l^ave a right to continue to pur- 
chase water to the same amount for his, her, or their lands, on paying or- tendering the 
price thereof fixed by the county commissioners as above provided: or, if no price 
shall have been fixed by them, the price at which the owners of such ditch or reser- 
voir may be then selling water or did sell water during the then last preoeeding year. 
This section shall not apply to the case of those who may have taken water as stock- 
holders or share-holders after they shall have sold or forfeited their shares or stock, 
unless they shall have retained a right to procure such water by contract, iigreement, 
or understanding, and use between themselves and the owners of such ditch, and not 
then to the injury of other purchasers of water from or shareholders in ( the] same 
ditch. (Sec. 3, pp. 96, 97, Acts 1879, 1740.) 

The lands now irrigated, or which may be hereafter irrigated, from ditches now 
taking water from the following-described rivers or natural streams of the State of 
Colorado, are hereby declared to constitute Irrigation districts. (Sec. 5, p. 97, Acts 
1879, 1741.) 

Other irrigation districts may be formed from time to time by the governor on peti- 
tion of parties interested. Several districts were fonned under this power and com- 
missioners appointed, and these new districts were incorporated into the new act. (Act 
1879, creating districts.) 

For the better regulation of the distribution of water for irrigation among the sev- 
eral ditches, canals, and reservoirs into which such water may be lawfully taken in 
times of scarcity thereof, the water districts now or to be hereafter established bylaw 
shall be constituted into water divisions, as follows: (Ditto), 1802. 

There shall be one water commissioner for each of the above-named districts, and 
for eacli district hereafter formed, who shall be appointed by the governor, to be 
selected by him from persons recommended to him by the several boards of county 
commissioners of the counties into which water districts may extmid, and the water 
commissioner so appointed shall hold his office until his successor is appointed and 
qualified. The governor shall, by like selection and appointment, fill all vacancies 
which may be occasioned by death, resignation, or continued absence from the dis- 
trict, removal or otherwise. Said county commissioners may, from time to time, 
recommend persons to be appointed as above provided, and the governor may at any 
time remove any water commissioner in his discretion. Sec. 16, pp. 98, 99, Acts 1879, 
1752.) 

That within ten days after his appointment, and before entering upon the duties 
of his office, such water commissioner shall take and subscribe the oath of office pre- 
scribed by the constitution of this State. (Sec. 17, p. 99, Acts 1879, 1753. ) 

It ^all be the duty of said water commissioners to divide the water in the natural 
stream or streams of their district among the several ditches taking water from the 
same, according to their prior rights of each respectively ; in whole or in part to shut 
and lasten, or cause to be shut and fastened, by order given to any sworn assistant, 
sheriff, or constable of the county in which the head of such ditch is situated, the 
head-gate of any ditch or ditches heading in any of the natural streams of the dis- 
trict which in a time of a scarcity of water shall not be entitled to water by reason 
of the priority of the rights of others below them on the same stream. (Sec. 18, p. 99, 
Acts 1879, 1754.) 

The water commissioners herein provided shall be each entitled to pay at the rate 
of |5 per day for each day he shall be actually employed in the duties of his office, 
not to exceed eighty days in any one year, to be paid by the county or counties in 
which his irrigation district may lie. Each water commissioner shall keep a just and 
true acooant of the time spent by him in the duties of his office, and shall present a 
true copy thereof, verified by oath, to the board of commissioners of the county iu 
which his district may lie, and said board of commissioners shall allow the same ; 
and if said irrigation district shall extend into two or more counties, then such water 
commissioner shall present his account for his said services, verified as aforesaid, to 
the board of county commissioners of each county into which such district extends, 
and each board of county commissioners shall allow an equal part thereof. (P. 254, 
Acts 1885,1756.) 

Said water commissioner shall have power, in case of emergency, to employ a 
suitable assistant to aid him in the discharge of his dnties. Such assistant shall 
take the same oath as the water commissioner, and shall obey his instructions, and 
shall be entitled to |3 per day for ever^ day he is so employed, not to exceed 
twenty-five days, to be paid upon the certificate of the water commissioner, in the 
same manner as provided for paying water commissioners. (Sec. 41, p. 107, Acts 
1879,1757.) 

Said water commissioners shall not begin their work until they shall be called on 
by two or more owners or managers, or persons controlling ditches in their several 
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diHtricts, by application in writing, stating that there is necessity for their action ; 
and they shall not continue performing services after the necessity therefor shall 
cease, 175H. 

If at any time any ditch or reservoir from which water is or shall be drawn for 
irrigation shall not be entitled to a full supply of water from the natural stream 
which supplies the same, the water actually received into and carried by such ditch, 
or held in such reservoir, shall be divided among all the consumers of water from 
such ditch or reservoir, as well as the owners, share-holders or stockholders thereof 
as the parties purchasing water therefrom ; and parties taking water partly under 
and by virtue of. holding shares, and partly by purchasing the same, to each his 
share pro rata, according to the amount he, she, or they (in cases in which several 
consume water jointly) shall be then entitled, so that all owners and purchasers 
shall suffer from the deficiency arising from the cause aforesaid each in proportion to 
the amount of water which he, she, or they should have received in case no such defi- 
ciency of water had occurred. (Sec. 4, p. 97, Acts 1879, 1722.) 

The governor shall appoint a State hydraulic engineer, who shall hold his office for 
the term of two years, or until his successor may be appointed and qualified. The 
governor may at any time, upon good cause shown, remove said State engineer. Said 
State engineer shall have general supervision over the water companies [commis- 
sioners] of the different water districts in the State. He shall have his office at the 
State capitol, in an office to be provided for him by the secretary of state, and be 
subject to his direction and control ; who shall also mmish him with suitable furni- 
ture, postage, and snch propet and necessary books and instruments as will best 
enable him to discharge the duties of his office. He shall be paid a salary of |2,0O0 
per annum, payable quarterly, by the State treasurer, on warrants drawn by the 
State auditor. No person shall be appointed as such hydraulic engineer who is not 
known to have such theoretical kuowledge and practicil skill and experience as shall 
tit him for the position. (Sec. 6, pp, 119-20, Acts 1881, 1807.) 

Said State engineer shall make, or cause to be made, careful measurements and cal- 
culations of the maximum and minimum flow in cubic feet per second of water in 
each stream from which water shall be drawn for irrigation, as may be best for afford- 
ing information for irrigating purpose, commencing witii those streams most used for 
irrigation ; also, to collect facts and make report as to a system of reservoirs for the 
storage of water, their location, capacity and cost ; and he shall keep proper and full 
records of his work, observations and calculations. (Sec. 7, p. 120, Acts 1881, 1808. ) 

Said State engineer shall, before entering on the discharge of his duties, take and 
subscribe an oath before some officer authorized by law to administer oaths, to faith- 
fully perform the duties of his office, and file with the secretary of state said oath 
and his official bond, in the penal sum of J2,000, with sureties to be approved by the 
secretary of state, and conditioned for the faithful discharge of the duties of his of- 
fice, and for delivering to his successor, or other officer authorized to receive the same, 
all moneys, implements, books and other property belonging to the State then in his 
hands or under his control, or with which he may be legally chargeable as such of- 
ficer. (Sec. 8, pp. 120-1, Acts 1881, 1809.) 

Said State engineer will have power to employ assistants at an expense not to ex- 
ceed |1,500 in any one year, who shall be paid out of any moneys appropriate<l for 
that purpose, on certificate of said State engineer, showing the services rendered and 
the amount therefor [thereof], and on presentation of such certificate to the State 
auditor by the person entitled thereto, he shall is8u« his warrant on the State treas- 
urer for the amount thereof, to be paid out of any appropriation as atbresaid, and not 
otherwise. (Sec. 9, p. 277, acts 1883, 1801.) 

Said State engineer shall prepare and render to the government [governor] yearly, 
and oftener if required, full and true reports of his work, touching all the matters 
and duties devolving upon him by virtue of his office, which report shall be delivered 
at the time when the reports of other State officers are required by law to be made, 
in order that they may be laid before the general assembly at each regular session 
thereof. (Sec. 10, p. 121, Acts 1881, 1811.) 

Said State engineer shall, om request of any party interested, on payment of his 
per diem, charges, and reasonable expenses, measure and ascertain the carrying 
capacity of any ditch, canal, or feeder, or any reservoir, hereafter constructed or en- 
larged, and give to the party or parties requiring his services an official certificate of 
the size and carrying capacity of such ditch, canal, or feeder, in cubic feet per sec- 
ond, as he shall find it to be at the time of measuring the same. (Sec. 11, p. 121, Acts 
1881, 1812.) 

For the more accurate and convenient measurement of any water appropriated 
pursuant to any judgment or decree rendered by any court establishing the claims of 
priority of any ditch, canal, or reservoir, the owners thereof shall construct and 
maintain, under the supervision of the State engineer, a measuring weir or other de- 
vice for measuring the flow, in cubic feet per second, the water at the head of snch 
*litch, canal, or reservoir, or as near thereto as practicable. The State engineer shall 
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eompato and arrange in tabular form the amount of water that will pass sncli weir 
or meaanrmg device in cubic feet per second, at the different stages thereof, amd he 
shall iurtiisfa a copy of a statement thereof to any water commisSoners having con- 
trol of snch ditch, canal, or reservoir. (Sec. 12, pp. 121-2, Acts 1881, 1813.) 

Whenever any three or more persons associate under the provisions of this act to 
form a company for the purpose of constructing a ditch for the purpose of conveying 
water to any mines, mills, or lands, to be used for mining, milling, or irrigating oi 
landSj they shall, in their certificate, in addition to the matters required in section 2 
of this (corporation) act, specify as follows: The stream or streams from which the 
water is to be taken out ; the point or place on said stream, at or near which the 
water is to be taken out; the line of said ditch, as near as may be, and the use to 
which the said water is to be applied. (Sec. 274 (84), p. 171, G. L., 308.) 

Any ditch company formed under the provisions of this act shall have the right of 
way over the line named in the certificate, and shall also have the right to run the 
water of the stream or streams named in the certificate through their ditch : Provided^ 
That the line proposed shall not interfere with any other ditch whose rights are prior 
to those acquired under this act and by virtue of said certificate, except the right to 
cross by flume ; nor shall the water of any stream be diverted from its original chan- 
nel to the detriment of any person or persons who may have priority of rights (Sec. 
275 (85), p. 171, G. L., 309.) 

Any cor^ration owning any ditch or canal for conveying, or reservoirs for storing, 
water for irrigation purposes, and the capital stock being fully subscribed and paid 
up, and when such corporation shall have no income suflicient to keep its ditch, canal 
or reservoir in good repair, such corporation shall have power to levy an assessment 
upon the capital stock thereof, to be levied pro rata on all the shares of stock, pay- 
able in money or labor, or both, for the purpose of keeping the propertvof such cor- 
poration in good repair, and for the payment of any claim against said corporation 
not otherwise provided for. But no such assessment shall be made unless the question 
of making sucll assessment shall first be submitted to the stockholders of such cor- 
poration at an annual meeting, or at a special meeting called for that purpose, and a 
majority of the stockholders, either in person or by proxy, voting thereon shall vote 
in Savor of making such assessments ; and an action may be maintained to recover any 
assessment against any delinquent share-bolder, as provided in section 2 of this act. 
(See. 276 (86), p. 172, G. L.,810.) 

Companies organized under the laws of this State, holding ditches or canals by 
virtue of their organization, which derive their supply of water for their respective 
ditches or canals from the same head gate or gates, or the same source or sources of 
supply, may consolidate their interests and unite their respective companies under 
one name and management, by filing a certificate of that fact in the office of the 
secretary of this State, and a counterp-irt thereof in the office of the recorder of the 
eounty or counties in which such ditches or canals are situated, which certifieates 
shall be signed by the presidents of the companies so uniting, with the coramou «eals 
of the companies affixed thereto, and shall set forth the factsof such union of interests, 
and give the name of the new company thus formed. (Sec. 1, Acts 1876, p. 68-^omit- 
tedinG. L., 31:^.) 

All ditches used for the purpose of irrigation, and that only when the water is not 
sold for the^ purpose of deriving a revenue therefrom, be, and the same are hereby, 
declared free from all taxation, whether for State, county, or municipal purposes. 
(Sec. 1, p. 143, Acts 1872. Sec. 1384 (1), p. 517, G. L., 1761.) 

Water sold by the inch by any individual or corporation shall be measured as fol- 
lows, ta wit : Every inch shall be considered equal to an inch square orifice under a 
5-incb pressure, and a 5- inch pressure shall be from the top of the orifice of the box 
put into the banks of the ditch to the surface of the water ; said boxes or any slot or 
aperture through which such water shall be measured shall in all cases l>e 6 inches 
perpeudicutar, inside measurement, except boxes delivering less than 12 inches, which 
mav be square, with or without slides ; all slides for the same shall move horizontally 
and trat otherwise ; and said box put into the banks of ditch shall have a descending 
grade from the water in ditch of not less than one-eighth of an inch to the foot. 
(347.) 

For the purpose of encouraging cultivation and the making of irrigation ditches the 
State board of laud commissioners are hereby authorized to sell at public sale, at not 
less than the appraised value, not more than one-half of any tract of arid land be- 
longing to the State, except the school land, in alternate quarter sections as neariy 
as may be, to any res^nsible person or corporation, on condition that said person or 
oorporation dig an imgation ditch in such location, and of sufficient capacity to fur- 
nish water for the entire tract. All contracts for the sale of State landa under the 
provisions of this section shall be drawn by the attorney-general, and signed by the 
governor and the secretary of the board, in behalf of the State, and by the other 
parties in interest ; and in no case shall the titles to any of said lands pass from the 
State tintil snoh diteh is completed in a manner satisfactory to the State board^ lUid 
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the pnrcbasers bavo given, in addition to such price as may be fixed by the State 
board, a snitable contract or agreement, secured by a sufficient bond, that they will 
furnish water for the remaining portion of the tract of land, as aforesaid, at not to 
succeed [exceed 1 such rates as the State board may agree. Upon the fulfillmeut of 
the above conditions patent may issue for not more than one-half of said tract, and 
the remaining portion of said tract may be subsequeutly disposed of in the same man- 
ner as other State lands. (Sec. 8, p. 226, Acts 1881, 2724.) 

The State board of land commissioners may sell in parcels of not more than 5,000 
acres, at public sale, at not less than its appraised value, any of thd lands granted to 
the State for public improvements, under the act approved September 4, 1841, condi- 
tioned upon the location of colonies thereon, or the construction of extensive lines of 
ditches covering such lands : Provided, That not more than one-half of any one sec- 
tion of laud shall be sold, in i«lternate half sections: And provided farther , That every 
alternate one-half section unsold shall not be sold for three years thereafter. (Sec. 
2196 (22), p. 72«, G. L., 2744.) 

When any company shall organize nnder the provisions of this act to form a com- 
pany for the purpose of constructing a flume, their certificate, in addition to the 
matters required in the second section of this act (G. S., 238), shall specify as follows: 
The place of beginning, the terminus, and the route, as near as may be, and the pur- 
pose for which such flume is intended, and when organized, according to the pro- 
visions of this act, said company shall have the right of way over the line proposed in 
such certificate for such flume, provided it does not conflict with the rights of any 
former flnming, ditching, or other company. (Sec. 279, 80, p. 173, G. L., 316). 

Act to Regulate Rates, etc., 1887. 

Section 1. The county commissioners of each county shall, at their regular sessions 
in each year, and at such other sessions as they, in their discretion, may deem proper, 
in view of the irrigation and harvesting season and the convenience of all parties 
interested, hear and consider all applications which may be made to them by auy 
party or parties interested either in furnishing and delivering* for compensation in any 
manner, or in procuring for such compensation water for irrigation, mining, milling, 
manufacturing, or domestic purposes from any ditch, canal, conduit, or reservoir, 
the whole or auy part of which shall lie in such county; which application shall be 
supported by such affidavits as the applicant or applicants may present, showing rea- 
sonable cause for such board of county commissioners to proceed to fix the rate of 
compensation for water to be thereafter delivered from such ditch, canal, conduit, or 
reservoir within such county. 

Sec. 2. Every such board of commissioners shall, upon examination of such affi- 
davit or affidavits, or from the oaths of witnesses in addition thereto, if they find 
that the facts sworn to show the application to be in good faith and that there are 
reasonable grounds to believe thiit unjust rates of compensation are, or are likely to 
be, charged or demanded for water from such ditch, canal, conduit, or reservoir, 
jshall enter an order fixing a day not sqoner than twenty days thereafter, nor later 
than the third day of the next regular session of their board, when they will hear all 
parties interested in such ditch or water works as aforesaid, or in procuring water 
therefrom for any of the said uses, as well as all documentary or oral evidence or 
depositions, taken according to law, touching the said ditch or other work as afrae- 
said, and the cost of furnishing water therefrom. 

Sec. 3. At the time so fixed all persons interested as aforesaid on either side of 
the controveray, or in lands which may be irrigated from such ditch or other work 
aforesaid, may appear by themselves, their agents, or attorneys, and said commis- 
sioners shall then proceed to take action in the matter of fixing such rates of com- 
pensation for the delivery of water : Provided, The applicant or applicants — if the ap- 
plication be made by a party or parties as aforesaid, desirous of procuring water- 
shall, within ten days from the time of entering the said order fixing the hearing, 
cause a copy of such order, duly certitie<l, to be delivered to the owner or owners of 
such ditch, canal, conduit, or reservoir, or to the president, secretary, or treasnrer of 
the company, if it be owned by a corporation or association having such officers. If 
any such owner can not be found, a copy shall be left at his usual place of abode, 
with some person residing there, oyer twelve years of age, and if such officer of any 
corporation or association can not be found, such copy shall be lett at the usual place 
of business of the company of which he is such officer, or at his residence, if such 
company have no place of business, and if such ditch or other work aforesaid shall 
be owned by several owners, not being an incorporated company, it shall be suffi- 
cient to serve such notice by delivering one copy each to a majority of them. If the 
applicant be the owner or party controlling such ditch, canal, conduit, or reservoir, 
such notice shall be given by causing printed copies of such order, in hand-bill form, 
in conspicuous type, to be posted securely in ten or more public places throughout 
t)ie dis&ict watered trpm such ditch or other work aforesaid— if the water be used 
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for irrigation — and one copy shall be posted for every mile in length of such ditch ; 
but if stich ditch or other work be for the supply of water for milling or mining, it 
shall be sufficient to serve such copy on the parties then taking water therefrom. The 
person or persons making such service or posting such printed copies shall make 
affidavit of the manner in which the same has been done, which affidavit shall be 
filed with the said board of county commissioners. Depositions mentioned in section 2 
hereof, to be used before said commissioners, shall be taken before any officer in the 
8tato authorized by law to take depositions, upon reasonable notice being given to 
the. opposite party of the time and place of taking the same. 

Sec. 4. Said board of commissioners may adjourn or postpone any hearing from 
time to time, as may be found necessary, or for the convenience of parties, or of pubUc 
business ; and they shall hear and examine all legal testimony or proofs offered by 
any party interested as aforesaid, as well concerning the original cost and present 
value of works and structure of such ditch, canal, conduit, or reservoir, as the cost 
and expense of maintaining and operating the same, and all matters which may 
affect the establishing of a reasonable maximum rate of compensation for water to be 
furnished and delivered therefrom ; and they may issue subpoenas for .witnesses, 
which subpoenas shall be served by the sheriff of the county, who shall receive the 
lawful fees for all such service ; and said board may also issue a subpoena for the pro- 
duction of all books and papers required for evidence before them. Upon hearing 
tand considering all the evidence and facts and matters involved in the case said 
board of commissioners shall enter an order describing the ditch, canal, conduit, res- 
ervoir, or other work in question with sufficient certainty, and fixing a just and rea- 
tonable rate of compensation for water to be thereafter delivered from such ditch or 
oM^er work as last aforesaid within the county in which such commissioners act : 
and sttch rate shall not be changed within two years from the time when they shall 
be so fixed, unless upon good cause shown. The district court of the proper county, 
or the judge thereof in vacation, may, in case of refusal to obey the subpoena of the 
board of county commissioners, compel obedience thereto, or punish for refusal to 
obey, after hearing, as in cases of attachment for contempt of such district court. 

Skc. 5. Every person who shall swear or affirm falsely in any matter or testify 
falsely after being duly sworn or having affirmed as a witness in any proceeding pro- 
vided for in this act shall be deemed guilty of perjury, and on conviction shall be 
punished accordingly. 

Sec. 6. All acts and parts of acts inconsistent with this act are hereby repealed ; 
but such repeal shall not work any interference with any proceeding by any board of 
county commissioners now pending, saving that any such proceeding may, at the re- 
quest of either party, be carried on to completion under the provisions hereof. 

Act to Prevent Extortion, etc., 1887. 

Sbc. 1. It shall not be lawful for any person owning or controlling, or claiming to 
own or control, any ditch, canal, or reservoir carrying or storing, or designed for the 
carrying or storing, of any water taken from any natural stream or lake within this 
State to be furnished or delivered for compensation for irrigation, mining, milling, or 
domestic purposes to persons not interested in such ownership or control to demand, 
bargain for, accept, or receive from any person, who may apply for water for any of 
the aforesaid purposes, any money or other valuable thing whatever, or any promise 
or agreement therefor, directly or indirectly, as royalty, bonus, or premium, prerequi- 
site or condition precedent to the right or privilege of applying or bargaining for or 
procuring such water ; but such water shall be furnished, carried, and delivered upon 
the payment or tender of the charges fixed by the county commissioners of the proper 
county, as is or may be provided by law. Any and all moneys, and every valuable 
thing or consideration of whatsoever kind which shall be so as aforesaid demanded, 
charged, bargained for, accepted, received, or retained contrary to the provisions of 
this section shall be deemed and held an additional and corrupt rate, charge, or con- 
sideration for the water intended to be furnished and delivered therefor, or because 
thereof, and wholly extortionate and illegal, and when paid or delivered, or surren- 
dered may be recovered back by the party or parties paying, delivering, or surrender- 
ing the same from the party to whom or for whose use the same shall have been paid, 
delivered, or surrendered, together with all costs of suit, including reasonable fees of 
attorneys of plaintiff, by proper action in any court having jurisdiction. 

Skc. 2. Every person ownmg or controlling, or claiming to own or control, any 
ditch, canal, or reservoir, as is mentioned in the first section of this act, who shall, 
after demand in writing made upon him for the supply or delivery of water for irri- 
gation, mining, milling, or domestic purposes, to be delivered from the ditch, canal, 
or reservoir owned, possessed, or controlled by him, and after tender of the lawful 
rate <if compensation therefor in lawful money, demand, require, bargain for, accept, 
receive, or retain from the party making such application any money or other thing 
of yalaei or any promise or contract or any valuable consideration whatever, as such 
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royalty, bonus, preminm, prorequisite, or condition precedent, as is by the provis- 
ions of the said first section of this .act prohibited, shall be deemed guilty of a mis- 
demeanor, and on conviction thereof shall be punished by fine of not less than one 
hundred dollars nor more than five thousand dollars, or imprisonment for a term of 
not less than three months nor more than one year, or both such fine and imprison- 
ment, in the discretion of the court. 

Sec. 3. Every person owning or controlling, or claiming to own or control, any 
ditch, canal, or reservoir such as is mentionetl in the first section of this act, who 
shall, after demand in writing made upon him for the supply or delivery of water for 
irrigation, mining, milling, or domestic purposes, to be delivered from the ditch, 
canal, or reservoir owned, possessed, or controlled by him, and after tender of the 
lawful rate of compensation therefor in lawful money, refuse to furnish or carry and 
deliver from such ditch, canal, or reservoir, any water so applied for, which water 
can or may be by use of reasonable diligence in that behalf and within the carrying 
or storage capacity of such ditch, canal, or reservoir, be lawfu-lly furnished and de- 
livered, without infringement of prior rights, shall be deemed guilty of a misde- 
meanor, and upon conviction thereof shall be punished by fine ot not less than one 
hundred dollars nor more than five thousand dollars, or imprisonment for a term of 
not less than three months nor more than one year, or both such fine and imprison- 
ment, in the discretion of the court. 

Sec. 4. When any corporation, in defiance or by attempted evasion of the provisions 
of this act, shall, after tender of the compensation hereinbefore provided for, refuse to 
deliver water such as is mentioned in the third section of this act to any person law- 
fully entitled to apply therefor, it shall be the duty of the attorney-general, upon 
request of the county commissioners of the proper county, or upon his otherwise re- 
ceiving due notice thereof, to institute and prosecute to judgmeut and final determi- 
nation proceedings in quo tcarranto for the forfeiture of the corporate rights, privi- 
leges, and franchises of any such corporation so offending, or by maTidamus or other 
proper proceedings to compel it to its duty in that behalf. 

Sec. 5. The word person as used in this act shall include corporations and associa- 
tions and the plural as well as the singular number; and every officer of a corporation 
or member of an association or co-ownership, and every agent violating any of the 
provisions of this act, shall be liable to restore the unlawful consideration extorted, 
and be punishable under the penal provisions of this act, the same as if the thing done 
in disobedience to its provisions were done for his own sole benefit and advantage. 

Act to Regulate Water Commissioner's Bond, etc., 1887. 

Sec. 1. That section 42 of chapter 57 of the general statutes of the State of Col- 
orado, entitled ** Irrigation," the same being general section 1752 thereof, be, and the 
same is hereby, amended so as to read as follows : 

Sec. 42. There shall be one water commissioner for each of the above-named districts, 
and for each district hereafter formed, who shall be appointed by the governor, to be 
selected by him from persons recommended to him by the several boards of connty 
commissioners of the counties into which water districts may extend, and the water 
commissioner so appointed shall, before entering upon his duties, give a good and suf- 
ficient bond for the faithful discharge of his duties, with not less than three sureties, 
in a sum not less than one thousand dollars nor more than five thousand dollars ; the 
amount of said bond to be fixed by the county commissioners and approved by the 
governor and State engineer. The commissioner so appointed shall hold his office 
until his successor is appointed and qualified : Provided, however, That if such water 
district shall be embraced in more than one county, and the several counties in 
which such water district is situated disagree as to the amount of the bond as herein 
required of water commissioners, then and in that event the governor shall ^jl the 
amount thereof, with the same effect as though fixed by the county commissioners. 

Sec. 2. The governor shall, by like selection and appointment, fill all vacancies 
which may be occasioned by death, resignation, or continued absence from the dis- 
trict, removal or otherwise. Said county commissioners may, from time to time, 
recommend persons to be appointed as above provided, and the governor may at 
any time remove any water commissioner, in his discretion. 

Act Regulating Distribution op Water, etc., 1887. 

Sec. 1. Every person or company owning or controlling any canal or ditch used for 
the purposes of irrigation shall, during the time from April 15 to November 1 in 
each year, keep a flow of water therein, so far as may be reasonably praotioable for 
the purpose of irrigation, sufficient to meet the requirements of all such persons as 
ar^ properly entitled to the use of water therefrom to the extent, if necessary, to 
^ffhich such persons may be entitled to water, and no more : Frovidedf hQW0vet« Th^t 
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t^heneyer the rivers or public streams or sources from which the water is obtaiiied 
are not aufficlently free of ice, or the volume of water therein is too low and inad- 
equate for that purpose, then such canal or ditch shall be kept with as full a flow of 
water therein as may be practicable) subject, however, to the rights of priorities 
from the stre.iiiis or other sources, as provided by- law, and the neceai^ity of cleaning, 
repairing, and maintaining the same in good condition. 

Sec. 2. Tiie owners or persons in control of any canal or ditch used for irrigating 
purposes shall maintain the same in good order and repair, ready to receive water by 
April 15 in each year, so far as can be accomplished by the exercise of reasonable 
care and diligence, and shall construct the necessary outlets in the banks of the canal 
or ditch for a proper delivery of the water to persons having paid-up shares or who 
have purchased rights to the use of the water : Frovided, however. That a multiplicity 
of outlets in the canal or ditch shall at all times be avoided, so w as the same ehaSi 
be reasonably practicable, and the location of the same shall be under the control of 
and shall be at the most convenient and practicable points consistent with the pro- 
tection and safety of the ditch for the distribution of water among the various claim- 
acts thereof, and such location shall be under the control of a superintendent. 

Bkc. 3. It shall be the duty of those owning or controlling such canals or ditches 
to appoint a supeiintendent, whose duty it shall be to measure the water from such 
canal or ditch through the outlets to those entitled thereto, according to his or her 
pro rata share. 

Src. 4. Any superintendent or any person having charge of the said ditch who shall 
willfully neglect or refuse to deliver wat^r as in this act provided, or any person or 
persons who shall prevent or interfere with the proper delivery of water to the person 
or persons having the right thereto, shall be guilty of a misdemeanor, and upon con- 
viction thereof shall be subject to a fine of not less than ten nor more than one hun- 
dred dollars for each offense, or imprisonment not exceeding one month, or by both 
such line and imprisonment, and the money thus collected shall be paid into the gen- 
eral fund of the county in which the misdemeanor has been committed, and the owner 
or owners of such ditches shall be liable in damages to the perpon or persons deprived 
of the use of the water to which they were entitled, as in this act provided. 

Skc. 5. Any water commissioner, or his deputy or assistant, who shall willfully 
nejrlect or refuse, after being called upon in accordance with section 1758 of the gen- 
eral statutes of the State, to promptly measure water from the stream or other source 
of supply into the irrigating canals or ditches in his district, according to their re- 
spective priorities, to Qie extent to which water may be actually necessary for the 
irrigation of lands under snch canals or ditches, shall be deemed guilty of a misde- 
meanor, and shall be subject to the same penalty as provided in section four of this act. 

Sec. 6. In all caseb declared misdemeanors by this act, any justice of the peace of 
the county in which the offense was committed, may, upon complaint being made as 
is now required by law, issue a warrant directed to any proper oflftcer of the county, 
fpr the arrest of any person so charged with any such misdemeanor, and upon the ar- 
retit of such person or persons, the justice of the peace before whom such person or 
persons may be brought for trial shall hear and determine the cause; and if he find 
the accused guilty^ snail assess the fine, and if imprisonment be a portion of the sen- 
tence, then to fix the term of imprisonment, or both, as provided in section 4 of this 
act: Provided^ The accused may have a trial by jury, which shall be summoned as in 
cases before Justices of the peace for assault ana battery. 

An Act for Appointment op Water Division Superintendents, 1887. 

Sec. 1. That the governor shall appoint a superintendent of irrigation for each of 
the wat-er divisions now existing within the State, or which paay hereafter be created. 
Snch superintendents of irrigation to hold ofiSce for a period of two years from the date 
of their respective appointments, or until their successors may be appointed and quali- 
tied. The governor may at any time in his discretion remove said superintendents of 
irrigation, or any of them and appoint others in their stead for the remainder of said 
term of two years : Provided, That the governor shall not appoint a superintendent of 
irrigation in any district [division] until the board of county commissioners of seme 
one or more of the counties whose territoi'y or any part of whose teriitoiy is included 
in such water district Ldivision] shall have, at a meeting regularly called and held, 
adopted a resolution requesting such appointment to be made, and have had the same 
certified to the governor. 

Sec. 2. Said superintendent of irrigation shaU have general control over the water 
commissioners of the several districts within his division. ■ He shall, under the general 
supervision of the State engineer, execute the laws relative to the distribution of water 
in accordance with the rights of priority of appropriation as established by judicial de- 
cree, and perform such other functions as may be assigned to him by the State engineer. 

Sec. 3. Said superintendent of irrigation shall, in the distribution of water, be gov- 
erned by the regulations of this act and acts that are now in force, but, for the better 
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discharge of bis duties, he shall have the aathority to make such other regnlatioDsto 
secure the equal and fair dlstribntioD of water, iu accordance with the rights of pri- 
ority of appropriation as may in his judgment be needed in his division : Provided, 
Such regulations shall not be in violation of any part of this act, or other laws of the 
State, but shall be merely supplementary to and necessary to enforce the provisions 
of the general laws and amenaments thereto. 

Sec. 4. Any person, ditch company, or ditch owner who may deem himself injured or 
discriminated against by any such order or regulation of such superintendent of ir-. 
rrgation, shall have the right to appeal from the same to the State engineer, by filing 
with the State engineer a copy of the order or regulation complained of, and a state- 
ment of the manner in which the same injuriously affects the petitioner's interest. 
The State engineer shall, <^fter due notice, hear whatever testimony may be brought 
forward by tn<i petitioner, either orally or by way of affidavits, and through the an- 
perintendent of irrigation shall have power to suspend, amend, or confirm the order 
complained of 

Sbc. 5. Said superintendent of irrigation shall commence the discharge of his da- 
ties in his division as soon as the first water commissioner in any district within his 
division shall be called out, and shall continue to discharge his duties until the last 
water commissioner in any district of his division ceases to be needed. Each water 
commissioner shall report immediately to the superintendent of irrigation of his di- 
vision when he is called out and when he ceases to be needed, and shall, during the 
oontinuauce of his duties, be under the control of the superintendent of irrigation of 
his division. The superintendent of irrigation shall receive as compensation five dol- 
lars per day for every day during which ne is employed in the discharge of his duties. 
Sec. 6. Within thirty days after the appointment of said superintendent of irriga- 
tion, it shall be his duty to give bond to the amount of ten thousand doUars for the 
faithful discharge of his duty, said bond to be approved b^ the board of county com- 
missioners of the county wherein said superintendent of irrigation may reside, and 
to be filed in the office of the county clerk and recorder of such county. 

Sec. 7. Within thirty days after his appointment said superintendent of irrigation 
shall send to the clerk of the district court, within his division, of such counties as 
have had rendered by the district court of such county, judicial decrees fixing the 
priorities of appropriation of water for irrigation purposes for any water district, a 
notification of his appointment to such office, and shall request of the said clerk a 
certified copy of every decree of the district court establishing priorities of appropria- 
tion of water used for irrigation purposes within that district. Thereupon it shall 
be the duty of the clerk within ten days after the receipt of such request firom said su- 
perintendent of irrigation, to prepare a certified copy of all decrees of such district 
court establishing priorities of water rights made within that district, under the pro- 
visions of the general statutes of the State of Colorado, and transmit the same to the 
superintendent of irrigation requesting it. Said superintendent of irrigation shall 
then cause to be prepared a book to be entitled ** The register of priorities of appro- 
priations of water rights for water division No. , State of Colorado," within 

which he shall enter and preserve such certified copies of decree. Said superintend- 
ent of irrigation shall then, from such certified copies of decree, make out a list of all 
the ditches, canals, and reservoirs entitled to appropriations of water within his di- 
vision, arranging and numbering the same in consecutive order according to the dates 
of their respective appropriations within his division, and without regard to the 
number such ditches, canals, and reservoirs may bear within their respective water 
districts. Such superintendent of irrigation shall then enter from his register a tab- 
ulated statement of all the ditches, canals, and reservoirs in his division, whose prior- 
ities have been decreed, which statement shall contain the following information 
concerning each ditch, capal, and reservoir, arranged in separate columns: The name 
of the ditch, canal, or reservoir, its number in his division, the district in which it is 
situated, the number of it in its proper district, and the number of cubic feet of water 
per second to wbich it is entitled, and such other and further information as he may 
deem useful to the proper discharge of his duty. In case any decrees of court estah- 
lishing priorities of appropriation of water for irrigation purposes are made after the 
transmittal of the copy of previous decrees to the superintendent of irrigation, it 
shall be the duty of the clerk of the court wherein such decree is rendered to trans- 
mit to the superintendent of irrigation of the division within which such county is 
situated, within ten days after it is rendered, a copy of such decree, and the superin- 
tendent of irrigation shall enter the same in his register. Such register to be filed 
and kept in the office of the State engineer. 

Sec. 8. Said superintendent of irrigation shall have the right to call out any water 
commissioner of any water district within his division at any time he may deem it 
necessary, and he shall have the power to perform the regular duties of water commis- 
sioner in all the districts within his division. 

Sec. 9. All water commissioners shall make reports to the superintendent of irriga- 
iion of their division as often as may be deemed necessary by said superintendenl. 
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Said reports shall contain the following information: The amount of water necessary 
to supply all the ditches, canals, and reservoirs of that district; the amount of water 
actually coming into the district to snpply such ditches, canals, and reservoirs; 
whether such' snpply is on the increase or decrease ; what ditches, canals, and reser- 
voirs are at that time without their proper supply; the probability as to what the 
supply will be during the period before the next Veport will be required ; and soch 
other and further information as the superintendent of irrigation of that division may 
suggest. Said superintendent of irrigation shall carefully file and preserve such re- 
ports, and shall from them ascertain what ditches, canals, and reservoirs are, and 
what are not, receiving their proper snpply of water, and if it shall appear that in 
any district in that division any ditch, canal, or reservoir is receiving water whose 
priority post-dates that of the ditch, canal, or reservoir in another district, as ascer- 
tained from his register, he shall at once order such post-dated ditch, canal, or reser- 
Toir shut down and the water given to the elder ditch, canal, or reservoir. His orders 
being directed at all times to the enforcement of priority of appropriation, according 
to his tabulated statement of priorities, to the whole division, and without regard to 
the district within which the ditches, canals, and reservoirs may be located. The 
reports of water commissioners, by the superintendent of irrigation, shall be filed and 
kept in the office of the State engineer. 

Sec. 10. In case any ditch, canal or reservoir, in any district within such snperin* 
tendent of irrigation's division, shall fkil to receive its regular supply of water, the 
ownerof such ditch, canal or reservoir may report such fact to the water commis- 
sioner of that district, who shall immediately apportion the water in his district, and 
send forthwith, by telegram if necessary, a report of suck fact to the superintendent 
of irrigation of his division : and thereupon it shall be the duty of the superintendent 
to compare such report witn his register, and if any ditch, canal or reservoir of any 
other district of his division is receiving water to which any ditch, canal or reservoir 
of any other district is entitled, he shall at once order the shutting down of the post- 
dated ditches, canals or reservoirs, and the water given to the ditches, canals or 
reservoirs having tlie priority of appropriation : Providedy however ^ That nothing in 
this act shall be construed as interfering with the priority of water for domestic use. 
Sec. 11. Such superintendent of irrigation shall, in the discharge of his duties, be 
clothed with the powers of justice of the peace, and any person violating his orders 
relative to the opening or shutting down of head-gates, or the using of water for irri- 
gation purposes, shall be deemed guilty of contempt, and summary punishment may 
he inflicted, not exceeding ninety days' imprisonment, or three hundred dollars fine, 
or both. 

Sec. 12.^ The expenses and salary of the superintendents of irrigation shall be paid 
ppo rata by the counties interested, in the same manner as the fees of water commis- 
sioners are paid ; and the fees of the clerks of the district courts, for services rendered 
under the provisions of this act, shall also be paid by the counties interested, upon 
the said clerk rendering his account, certified by the district judge, to the boards of 
county commissioners of the counties embraced in the water divisions, in case of 
which the services have been rendered. 

Act to Protect Water Rights, etc., 1887. 

Sec. 1. That it shall be the duty of every person who is entitled to take water for 
irrigation purposes from any ditch, canal, or reservoir to see that he receives no more 
water from such ditch, canal, or reservoir through his head-gate or hy any ways or 
means whatsoever than he is entitled to, and that he shall at all times take every 
precaution to prevent more water than he is entitled to coming from such ditch, 
oanaJ, or reservoir upon his land. 

Sec. 2. That it shall be the duty of every such person taking water from any ditch, 
canal, or reservoir to be used for irrigation purposes, on finding that he is receiving 
more water from such ditch, canal, or reservoir either through his headi-gate or by 
means of leaks or by any means whatsoever, immediately to take steps to prevent 
his further receiving more water from such ditch, canal, or reservoir than he is enti- 
tled to, and if knowingly he permits such extra water to come upon his land from 
snch ditch, canal, or reservoir and does not immediately notify the owner or owners 
of such ditch, or take steps to prevent its further flowing upon his land, he shall be 
' liable in damages to any person, company, or corporation who maybe injured by such 
extra appropriation of water for the actual damage sustained by the party aggrieved, 
which aamages shall be adjudged to be paid together with the costs of suit and a 
ifeasonahle attorney's fee to be fixed by the court and taxed with the costs. 
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Act to Sbouhb Right of Way, ktc, 1887, 

Be it enaot&d by the general aseembly of the State of Colorado : 

Sec. 1. That seoUon two (2) of said act (approved Febraaryll, 1881, being geneml 
seotion No. 1720 of the general statutes of the State of Coloiado, whioh is section 10 
«f chapter 57 of said general statutes, entitled '* Irrigation," be, and the same is 
hereby, amended so as to read as follows : 

Sbc. 2. Every person, association, or corporation hereafter constructing or enlarg- 
ing any ditch, canal, or feeder for any ditch or reservoir for irrigation, and taking 
water directly from any natural stream, and of a carrying capacity of more than one 
cubic foot of water per second of time, as so constructed or enlarged, shall, within 
ninety (90) days after the commencement of such construction or enliurgmnent, ^e in 
the office of the county clerk and recorder of the county in which the head-gate ef 
such ditch or feeder may be situated, and also in the office of the State hydraulic en- 
gineer, a map showing the point of location of such head-gate, the route of such dltck 
or canal, or the high-water line of such reservoir or reservoirs, and the route of the 
feeder to and ditches or canals from such reservoir or reservoirs ; the legal subdivis- 
ions of the lands upon which such structures are built ot to be built, if on surveyed 
lands ; the names of the owners of such lands as far as the same are of record in the 
office of the county clerk of the county in which they are situated ; such courses, dis- 
tances, and comers, by reference to legal subdivisions, if on surveyed lands, or ie 
natural objects if on unsurveyed lands, as will clearly designate the location of saoh 
structures. Upon or attached to such map shall be a statement showing : 

First. The point of location of the head-gate above mentioned. 

Second. The depth, width, and grade of such ditch, canal, or feeder. 

Third. The carrying capacity of such ditch, canal, or feeder, in cubic feet per sec- 
ond of time, and the capacity of such reservoir or reservoirs in cubic feet when filled 
to the high- water mark. 

Fourth. The time of commencement of work on such stmcturet, which time famj 
be dated from the commencement of the surveys therefor. In case of an enlurgemeni; 
such statement shall also show the matters required in items second, third, and fooF^ 
above, as to the enlargement, and state the increased capacity arising from suoh e«i- 
largement. If such statement be filed within the time above limited priority of ri^t 
of way and water accordingly shall date from the day named as the day of comm^io- 
ing work ; otherwise only from the date of the filing of the same : Provided^ That 
nothing herein contained shall be taken to dispense with the necessity of due dill- 

§ence in the prosecution of such structures on tne part of the projectors of the same, 
uch statement shall be signed by the person, association, or corporation on whose 
behalf it is made, and the truth of the matters shown in such map and statemetit 
shall be sworn to by some person in whose personal knowledge the truth of the saiue 
shall lie. 

DAKOTA IRRIGATION LAWS. 

[The Territorial laws have been adopted in both North and South Dakota.] 

WATER RIGHTS. 

Sec. 2029. Any person or persons, corporation or company, who may have or hold 
a title or possessory right or title to any mineral or agricultural lands within tlie 
limits of this Territory shall be entitled to the usual enjoyment of the waters of the 
streams or creeks in said Territory for mining, milling, agricultural, or domestic 
purposes : Providedf That the right to such use shall not interfere with any prior 
right or claim to such waters when the law has been complied with in doing tlie 
necessary work. 

Sec. 2030. When any persons, corporation, or company owning or holding land, aa 
provided in section 2029, shall have no available water facilities upon the same, or 
whenever such lands are too far removed from any stream or creek to so use the 
waters thereof as aforesaid, such person or persons, corporation or company shall 
have the right of way through and over any tract or piece of land for the purpose of 
conducting and convejring said water by means of ditches, dikes, flumes, or canale^ 
for the purpose aforesaid. 

Sec. 2031. Such right to dig and construct such ditches, dikes, flumes, and canals 
over and across the lands of another shall only extend to so much digging, cuttin£|^ 
or excavation as may be necessary for the purposes required. 

Sec. 2032. In all controversies respecting rights to water under the provisions of 
this act the same shall be determined by the date of appropriation as respectively 
made by the parties, whether for mining, milling, agricultural, or domestic purposes. 
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Sec. 2033. The waters of the streams or creeks of the Territory may be made avail- 
able to the fall extent of the capacity thereof for minini;;, miUing, agrionltural, or 
domestic purposes, without regard lo deterioration in quality or diminution in qnan« 
fitj^, so that £he same do not materially affect or impair the rights of the prior appro- 
pnator. , 

Sec. 2034. Any person or persons, corporation or company, damaging or injuring 
the lands or possessions of another by reason of cutting or digg^n^ ditches or canals 
or erecting flumes as provided by section :^030, the party so committing such injury 
or damage shall be liable to the party so injured for the actual damage occasioned 
thereby. 

Sec. 2035. This act shall not be so construed as to impair or in any way or manuer 
interfere with the rights of parties to the use of the waters of such streams or cre^s 
acquired before the passage of this act : ^rovidedf That all water rights or ditches 
that have not been used or worked upon for one year next prior to the passage of this 
act shall be deemed abandoned and forfeited and subject to appropriation anew. 
Any persQU or persons, corporation or company who may dig any ditch or canal, dike, 
OT flume over or across any public road, trail, or highway, or who use the waters of 
such ditch, dike, flume, or caoal shall be required to bridge the same and keep the 
same in good repair at such crossing or other places where the water from any such 
ditch, dikes, flumes, or canals may flow over or in anywise injure any road, trail, or 
highway, either by bridges or otherwise. 

Brc. 2036. Any person or persons, corporation or company offending against section 
2035, on conviction thereof shall forfeit and pay for every such offense a penalty of 
not less than twenty-five dollars nor more than one hundred dollars, to be recovered 
with costs of suit in civil action in the name of the Territory of Dakota, before any 
court having jurisdiction. One-half of the tine so collected shall be paid into the 
county treasury of the county in which the offense was committed, and the other 
half shall be paid to the person or persons informing the nearest magistrate that 
such offense has been committed. All such fines and costs shall be collected without 
stay of execution, and such defendant or defendants may by order of the court be con- 
fined in the county jail until such fine and costs have been paid. 

Sec. 2037. Any person or persons, corporation or company appropriating the waters 
of any streams or creeks in this Territory shall turn the water from the channel of 
such creek or stream, and construct at least twenty feet of ditch or flume, within 
thirty days from the date of appropriation, and turn the water therein ; and construct 
at least twenty rods of said ditch or flume, if needed| within six months from the 
date of such appropriation, and turn the water therein ; and within twenty days from 
the date of location, the locator or locators of such water right shall file a location 
certificate thereof with the register of deeds in the proper county within which such 
water right is situated ; a copy of such certificate shall be posted at or near the head 
of such ditch, flume, or canal, and shall contain the name or names of the locators, 
the date of location, number of inches of water claimed or appropriated, and the 
purpose of the appropriation; and in no case shall the number of inches of water 
claimed exceed the conveying capacity of the first twenty feet of the flume or ditch, 
nor shall said ditch or flume be enlarged to the prejudice or injury of a subsequent 
Impropriator b^ore such enlargement. 

Sec. 2038. On failure to commence the construction of such ditch or flume for sixty 
days after location, and prosecute such ditch, canal, or flume to final completion with- 
out unnecessary delay, such appropriation shall be deemed abandoned. 

servitudes. 

S|pc. 2760. The following land burdens or servitudes upon land may be attached to 
other land as incidents or appurtenances, and ai'c then called easements : 

4. The right of way. 

5. The right of taking water, etc. 

« « « 4 « • • 

9. The right of receiving water from or discharging the same upon land. 

10. The right of flooding land. 

11. The right of having water flow without diminution or disturbance of any kind. 

RIGHTS AND OBLIGATION OP OWNERS. 

Sec. 2771. The owner of land owns water standing thereon or flowing over or 
under its surface, but not forming a definite stream. Water running in a defini^te 
stream, formed by nature over or under the surface, may be used by him as long as it 
remains there ; but he may not prevent the natural flow of the stream, or of the 
natural aprit^^ from which it commences its course, nor pursue nor pollute the saime* 
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ARTESIAN WBLLS. 

Section 1. iCommissioner creat€d,'\ That for the pnrpose of carrying into effect tlifi 
proYisiODB of this act, tlie judge of probate of each county shall be ex officio county 
artesian well commissioner, which office is hereby created. 

Sec. 2. ^Application by ten resident freeholders, ] Before the artesian well commU- 
sioner shall take any action toward creating or establishing any artesian well, there 
shall be file<l with him an application, signed by not less than ten resident freehold- 
ers of any township or townships in which such artesian well and the lands to be 
benefited thereby and to be aMS08se<l therefor may be situated, giving a description 
of the place where said well is proposed to be located, and also a definite description 
of the beginning, the route, and the terminus of the water-way through wbicb it is 
proposed that the water from such well shall flow when the same is couiplete<l and 
In operation, and offering the right of way for said well and such wator-way through 
tiieir said land, and who shall be subject to direct assessment therefor. 

Sec. 3. \^ Appointment of viewers — dutiee.'] At the expiration of twenty days after 
the tiling of such application the said commissioners shall appoint three disinterested 
persons as viewers who shall without unnecessary delay proceed to personally ex- 
amine the place where said well is to be located and the course, route, and terminus 
of said proposed water-way, and shall ascertain whether said location of such well 
and establishment of said water-way is practicable and necessary and beneficial to the 
pnblio welfare of the district in which the same is proposed t.o be located, and shall 
report the result of such investigations in writing to said well commissioner, having 
first been duly sworn to faithfully and impartially discharge their duties as such 
viewers. If any person upon whose land the proposed well is located, or through 
whose land any water-way therefrom may pass, shall have tiled any protest against 
the location of said proposed well and water-way, prior to the appointment of said 
viewers, they shall assess the damages, if any, which such person may sustain from 
the location of such well or said water-ways through his land, and shall report said 
damages with the report of their proceedings made as heretofore provided. 

Sec. 4. {lieport when damages assessed.'} If a majority of the viewers assess and 
report damages in favor of any person protesting against the -location of such well 
or its water-ways, their report shall be presented to the board of county coniniis- 
sioners of said county, and if said board shall consider the pro|>ofied well of sufficient 
importance to the public they shall order the costs and damages to be paid out of the 
county treasury; but if a majority report against the claims for damages of snch 
person he shall be liable for the costs of such appraisement. 

Sec. 5. IPower of county commissioners.'] If it shall be made to appear tothe hoard 
of county commissioners that the damages assessed are unreasonable they may set 
aside such assessment, and in such ai&e the arlesinn-well commissioner may order 
another appraisement by different persons, under the same regulations as provided 
in the first appraisement. 

Sec. 6. \_Appeal 1o disU^t court.'] Any person aggrieved by any decision of any 
board of commissioners bad under this chapt-er may appeal therefrom to the district 
court, the same as provided relating to highways, bridges, and ferries. (Section 29, 
chapter 29, Political Code, 1217 General Laws.) 

Sec. 7. IFee of viewers.] The viewers appointed under the provisions of section 3 
of this act shall receive the sum of two dollars per day for their services as desribed 
in said section, to be paid by the persons who signed the application for said well, 
who shall be severally liable to pay the same. 

Sec. 8. \_Survey after favorable report— plat filed.] If the viewers make and file a 
written report with said commissioners recommending said location and route as 
practicable, necessary, and beneficial the commissioners shall cause a survey and 
measuremenc of the location of said well and the line of the proposed water-way to 
be made by the county surveyor, and a plat thereof shall be filed in the office of the 
register of deeds of said county, and be subject to public inspection, and shall show 
the location of the well and the lines and route of the water-way therefrom. 

Sec. 9. JiOrder of location by commissioner — damages.] Upon the filing of the plat 
and the minutes of said survey as provided in said section 5, the said commissioner 
shall make an order in writing in which he shall declare said well and said water- 
ways therefrom to be located in accordance with said plat and survey: Provided, 
That in cases where damages have been ai>praised and assessed, the same shall first 
he paid to the person entitled thereto, or paid into the county treasury for their use, 
before such lands shall be actually taken. 

Sec. 10. IRailway^s contribution to water-way— penalty — collection.] Whenever it is 
necessary to construct a water-way from any artesian well across the right of way or 
road-hea of any railroad company it shall be the duty of the railroad, when notified 
by the commissioners to do so, to make and maintain the necessary opening through 
said road-bed, and to build and maintain a suitable culvert. Notice in writing to 
make such opening and to oonstruct such cnlvert may be served on suoh oompiuiy ae 
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pfdvided In tlie service of samiuonSy at least thirty days before sncb railroad company 
shall hecrtme liable. 

In case such railroad company shall refnse or neglect to comply with the provisions 
of this section, it shall be liable to a penalty of ten dollars for each day^s refusal or- 
neglect to make snch opening aud construct such cnlvert. The district attorney of 
the county in which such railroac?. company shall have refused or neglects to com- 
ply with the provisions of this section, shall npon complaint being made by the ar- 
tesian-well commissioner bring suit to collect such penalty or fines, and it shall be 
his duty to prosecute the same to a final determinatiu in any court having competent 
jurisflictiou. 

Sec. 11. [Duiy of road overtieers, eie,'\ All that part of such artesian well or arte- 
sian-well water-course, which is la>d and constructed within the limits of or across 
any public highway shall lie under the jurisdiction of the overseer of public highways 
or road supervisors, and it shall be his duty to keep the same open and free u'om all 
obstructions, and when auj- highway is subsequently constructed along or across 
such artesian-well water-way then so much thereof as shall come within the limits of 
such highway shall also be kept open and free from obstructions as above provided. 

Sec. 12. \_Name of welL'] In his order locating any well under the provisions of 
this act the artenian-well commissioner shall give the same a name by which it shall 
be known and recorded. 

Sec. 13. lAdvertiaefm' bids for oonstrucHon — cantract—security,'] After making said 
order locating said well a»?d the water-ways thereof, the artesian-well commissioner 
shall proceed to advertise for bids for contracts for sinking or making such well, and 
constructing said water-ways. He shall give not less than sixty days' notice of the 
time and place where such bids may be ofl^^red and opened, by causing a notice 
thereof to be published, not less than eight weekly insertions, in the official paper 
of said county, such bids shall be filed with the county clerk of said county by the 
parties making the same, and shall be taken subject to the approval of the board of 
county commissioners of said county. No contract miule by the artesian well com- 
missioner shall be valid unless approved by the board of county commissioners of 
•uch county, and their approval indorsed thereon b^ the chairman of said board. 

The artesian well commissioner shall contract with the lowest responsible bidder 
giving adequate security for the performance of the work. 

Such security shall cover the completion of the job in the manner and within, the 
time fixed in the contract, and the amount thereof shall be fixed by said artesian- 
well commissioner. Said commissioner shall reserve the right to reject any aud all 
bids, aud may adjourn the time for receiving such bids from time to time by publish- 
ing a notice of such adjournment, but not in all more than sixty days from and after 
the time named in the first advertisement for receiviug such bids. The contract for 
sinking the well may be separate from the contract for constructing the water-way^, 
and may be let to different persons. Whenever any such arteuian well shall have 
been fully completed and final report thereof made by the well commissioner to the 
board of county commissioners, the said board shall turn over the control and man- 
agement of said well and appurtenances to the board of supervisors of the township 
wherein said well is situated. 

Sec. 14. \_Board of assessment— meetings,^ — Immediately after making his order 
locating said well, the artesian-well commissioner shall notify the chairman of the 
board of county commissioners and the county treasurer of said county, who sliall^ 
together with said well commissioner, constitute a board of assessment herein. The 
county clerk of said county shall be the clerk of said board of assessment. The 
members of said board shall meet within twenty days after receiving said notice, 
and may adjourn from day to day until their duties are performed as hereinafter set 
forth. 

Sec. 15. \_Mode of assessment and apportionment — tax collection,^ — The said board of 
assessment shall make an estimate of the costs of constructing said artesian well 
and the said water-ways, for the purpose of raising the funds necessary for the con- 
struction of said well. They shall have power to apportion the costs thereof as fol- 
lows: 

(1) They shall create a county fund to be known as the artesian well fund, and 
may levy an assessment npon all taxable property in said county, not exceeding two 
mills on the dollar, and the basis of value upon which the annual levy of the current 
or preceding year was made: Provided^ That not more than one-tenth of the cost of 
any artesian well, or water-ways therefrom, shall be paid out of said fund, and the 
amount- so paid shall be applied to the payment of the expenses and per diem of 
the well oommissioners, the viewers, surveyors, members of the board of assessment, 
damages for right of way, and other like incidental expenses. 

(2) They shall determine what portion of the costs of said well and its water-ways 
shall be paid by each of the townships in which said well or said water-courses there- 
from are situated : Provided, That in no case shall the amount apportioned to any 
one township exceed one-fourth of the estimated cost of such well and water- ways. 



22a 



lEBiaATION IN THE UNITED STATES. 



tmd the county clerk shall present » statement of such amonnt to the refl|>ectiye 
clerks of soch townships if organized ; and said board of assessment shall establish 
and determine the rate of assessment necessary in such townships to raise the amount 
so apportioned to such townships. It shall then be the duty of the officers of such 
townships, who have similar duties to |>erform in other matters of township revenue, 
to levy, and they are hereby empowered to levy, an assessment upon the taxable 
property of said township, not exceeding the rate fixed by the board of assessment 
for snch township, which shall be placed upon the tax list under the head of ''General 
township tax for artesian well purposes,'' and collected as other township taxes 
are collected, and shall be held by the county treasurer when collected as a Aiistinct 
fund to be disbursed, as hereinafter provided, to pay for constructing such well. 

(3) In addition to the foregoing general township and county assessments, the said 
board of assessment shall also miuce a special assessment against each piece and par- 
cel of land directly benefited by said well and said water-courses, carefully adjust- 
ing the per cent, and amonnt of such assessments with reference to the relative dis- 
tance ci such lands from the well itself and the water-courses, and the amounts so 
apportioned shall be levied as a special tax upon said land, and shall be placed upon 
the tax list by the county clerk or auditor under the head of ** Direct tax for artesian 
well/' and shall be paid into the county treasury as other taxes, and kept by said 
treasurer in a special fund to pay for the cost of constructing said well and said water- 
ways ; said assessment shall be for a sufficient amount with the general county and 
township tax aforesaid to pay for said well and water-ways. 

Sec. 16. {_Annnal installmenla.l — Said board of assessment may provide that the 
entire amount ne/Cessary to pay u>r the construction of said well and water-courses 
be levied and collected as above in one year, or they may divide the same into two, 
three, four, or five equal installments, one of which shall be collected the first year, 
and one installment each year following, provided that the portion designated as 
county and township tax shall all be collected the first year. 

Sec. 17. IReview of assessment — appeal.'] — The owner of any lands directly assessed 
for the construction of any artesian well under the provisions of this act, who may 
feel aggrieved by such assessment, may at any time before such tax becomes delin- 
quent appear before the board of county commissioners of the county in which such 
assessment was made, and ask to have said assessment as to his property reviewed, 
and said board shall have the right to raise or lower his assessment, so as to make it 
just and reasonable, and an appeal may be taken from the action of said board as in 
other cases. 

Sec. 18. IDisqualifioations hy interest^ vacancy— how filled,! No member of any county 
board, and no county officer, whose lands have been directly assessed uuder this act,/ 
shall act on the board of assessment. In case any member of snch board is so dis- 
qualified, his place shall be filled by calling in the sheriif of said county, or, If said 
sheriff is so disqualified, the county coroner may act on said board. 

Sec. 19. IBenefits— principle of assessment 1 All assessments of benefits under the 
provisions of this act shall be upon the principle of benefits derived. All descriptions 
of land under the provisions of this act shall be made by giving the legal subdivision 
thereof whenever practicable, and when the tract of land which is to be benefited 
or affected by such well is less than such legal subdivision it may be descril>ed by 
designation of the lot or other boundaries, or in some way by wh^oh it may be known. 

Sec. 20. [ Additional assessment. ] Whenever the amount assessed for the coustruc- 
tion of any well shall not be sufficient to complete the same, and to pay all the costs 
and incidental expenses, a further assessment shall be made to. meet the deficit or ad- 
ditional expense. Such further assessment shall be apportioned, assessed, levied, 
and collected as ])rovided in the first instance, and on the same percentage, and shall 
be collected in one year. 

Sec. 21. I Enrollment of tax hyclerk.'\ It shall be the duty of the county clerk to 
spread on his roll the total amount of all the well taxes determined upon by the board 
of assessment, to be assessed upon any township at large, as a part of the township 
tax for the year, and he shall also spre.id upon said roll separately, and immediately 
following the other descriptions, all tracts or parcels of land specially assessed for 
benefits, and shall place opposite each description the amount of taxes apportioned 
thereon for such benefits. All wells shall be entered separately, naming each welL 

Sec. 22. ^Collection — mode of] All taxes asspssed under the provisions of this act 
shall be collected in the same manner as Territorial and other general taxes are col- 
lected, and collecting officers are hereby vested with the same power and authority 
in the collection of snch taxes as are or may be conferred by law for collecting gen- 
eral taxes. All taxes levied under the provisions of this act, with all lawful costs, 
interests, and charges, shall be and remain a perpetual lien upon the lauds upon 
which they are assessed, and a personal claim against the owner or owners of such 
lands until they are paid. 

Sec. 2i^. [Sale for delinquency.'] If the taxes levied for the construction of any well 
are not paid to the county treasurer as provided herein, he shall proceed to s^ the 
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said laods for sncb taxes, at the same time and iu the same manner in every respect, 
as in the case of any other tax and with like effect. 

Sec. 24. [ Compensation of officers. ] The artesian- well commissioner and the mem- 
bers of the board of assessment herein provided for shall receive for their services a 
snm not t(» exceed three dollars per day for each day actually and necessarily spent 
by them iu the discharge of their respective duties as hereinbefore described. All 
expenses, except on contract tor constructing said well or such water-courses, shall 
be paid oat of the general fund of the county on the order of ther board of county 
coniniissioners, as other claims against the county are paid; said fund to be re- 
imbursed out of the lirst money collected under the provisions of subdivision 1 of 
section 15 of this act. 

Sec. 5i5. \_Blanks drawn by attorney-general.'] It shall be the duty of the attorney- 
general to draught a complete set of all the blank forms that may be required under 
this act, and county clerks are authorized, and it shall be their duty, to procure at 
the expense of their respective counties the necessary books and blanks to carry out 
the provisions of this act. 

Sec. 26. IMode of payment to contractor.'] No payment shall be made to any person 
contractin|r to construct or sink an artesian well or any water- course therefrom under 
the provisions of this act except as follows: One-third of the amount to be paid for 
the entire perlbrmance of the contract may be paid when one-third of said work is 
done ; one-third of said amount may be paid when two-thirds of said work is com- 
pleted ; but the balance of said amount shall not bo paid until said contract has been 
fully completed and the work accepted and approved by the artesian- well commis- 
sioner. The said payments shall be made in the following manner: The contractor 
shall make a statement of the amount claimed by him to be due under his contract, 
and if the same is correct it shall be approved by the artesian* well commissioner, whose 
duty it shall be to carefully examine the work done under said contract; said claim 
so approved shall be presented to the board of county commissioners, and if correct, 
they shall issue county orders or warrants upon the well funds of each particular well, 
naming it: Provided j That if the assessment of taxes for such well has been divided 
into installments, as provided in this act, said board shall not issue orders payable in 
any one year for a larger amount than the said installment for that year, but shall 
draw as near as may be to the exact amount of such installment. When such orders 
or warrants are presented to the county treasurer for payment, if he has not yet re- 
ceived sufficient funds to pay the same, then such orders may be indorsed and regis- 
tered as other county warrants under the general law, and shall bear the same rate of 
interest as other warrants. 

Sec. 27. I Description of assessed lands filed with register — lien.'] The clerk of the board 
of assessment provided for iu this act shall make a statement of the direct assessment 
for benefits made against the several pieces and parcels of lands, giving a description 
of such lands, the amount of the direct assessment against each piece or parcel, the 
name of the well for which the assessment was made, and shall file the same with the 
register of deeds of said county, and the same shall thereafter be a lien upon said 
lands to secure the payment of any orders or warrants issued as herein provided; 
which lien may be foreclosed by the holder of such warrants or orders, and shall be 
prior to all other liens except for taxes. 

Sec. 28. IJVater-course unobsiructcdj duty of overseer of highways.] It is hereby made 
the duty of every person through whose land any water-course constructed under this 
act may pass to keep the same open and unobstructed. On failure so to do, any person 
aggrieved may complain to the overseer of highways in the district where such water- 
course is situate<l, and such overseer shall have the authority, and it is hereby made 
his duty, to call out the persons residing in said district who are liable for road tax, 
and open said water-way, and the expense thereof shall be entered by the county 
clerk as a tax against said land. 

Sec. 29: ^Repeal.] All laws heretofore enacted on the subject of artesian wells are 
hereby repealed: Provided, That all proceedings heretofore had and all contracts 
made under the provisions of existing laws on the subject of artesian wells are hereby 
declared to be valid and may be continued and completed under the provisions of 
this act. 

Sec. 30. lEffect tohen,'] This act shall take eflect on the Isfc day of July, 1889. 

Approved March 8, 1889. . 

IDAHO IRRIGATION LAWS. 

The general laws of Idaho, 1881, in an act regulating rights to the use of water for 
mining, agricultural, manufacturing, and other purposes, contain the following pro- 
visions, and which have been adopted as part of the State laws: 

^ci'K>x 1. The right to the use of water flowing in a river, creek, cafion, ravine, 
or other stream may be acquired by appropriation, and as between appropriations 
priority in time shall secure the priority of right. igitized by C 
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Seo. 2. Tho appropriation must be in good faitb. for some useful and beneficial 
purpose, and when ooce perfected, may be converted or changed to any other bene- 
ficial nso than that originally desiguated or for which it may have been employed. 

8kc. 3. Tho approuriator, *^or his or their successors in interest, may change the 
place of di version, it the rights acquired by others are not interfered with, and no 
injury to others ^sults therefrom, aud may also extend any ditch, canal, flume, pipe, 
or other conduit to points or places beyond such as may have accrued prior to such 
extension. 

Skc. 4. A person, company, or corporation desiring to appropriate water must post 
a MMiceiu writing in a couspicuous place, at the pointof intended diversion, stating— 

First, I tie quantity of water intended to be claimed and diverted, giving the num- 
ber of inches, measMred under a 4-inch pressure, and accurately describing the point 
of its diversion. 

Second, the pnriK>se for which the sane iaolaimed or intended to be used, and the 
point or place of such intended use. 

Third, tho means which are desired to be employed fordlTMting and condncting- 
the waters, and the size or dimensions of the ditch, canal, pipe, teflML or other con- 
duit. A copy of the notice, within the time allowed for a raining daoi^ nmat be 
furnished to the county officer for reoord. 

Sec. 5. Within sixty days after the notice is posted the claimant or his or their so^ 
oessors in interest must commence the making, digging, or constructing of the ditch, 
canal, flume, or other conduit, the work for tne complete diversion and conducting 
of the water shall be prosecuted diligently and without unnecessary- interruption: 
Providedt That when the work can not be carried on by reason of unavoidable natural 
causes, such as the state of the weather or action of the elements, this section shall 
not be applicable. 

Sec. 6. By *' complete diversion '' is meant the conducting of the water claimed to 
the plaeo of intended use, or to such other place as may have been adopted, and an 
actual beneficial use made. 

Sec. 7. By compliance with the above conditions and requirements the appropria- 
tion is perfected, aud the right to the use of the waters claimed, which the ditch, 
canal, flume, or other conduit is capable of conducting^ is declared to relate back to 
the time of the posting of notice of claim: Providedy That nothing contained in this 
section shall be so construed as to render any person or party liable to damages or to 
make compensation to any appropriator for any waters used prior to the time of a 
"complete diversion." 

Se^j. 8. All ditches, canals, and other works heretofore made, constructed, or pro- 
vided, and by the means of which the waters of any stream have been diverted and 
ap]>lied to any beneficial use, shall be taken to have secured the right to the waten 
claimed to the extent of the quantity which the works ai'e capable of conducting, 
and not exceeding the quantity claimed, without regard to or in compliance with 
the requirements of this act. 

Sec. 9. In case where any person, company, or corporation have heretofore made 
claim to divert the waters of any stream and the same has not been forfeited or 
abandoned, and have not cut, excavated, made, or constructed the necessary ditch, 
canal, flume, or other conduit to carry such waters aud apply the same to a beneficial 
use, such claimant must, within four months from and after the date of the approval 
of this act, comnienco work in pursuance with the requirements, and carry the same 
to completion, or at the expiration of the time or upon failure to«prosecute the work 
in the manner required, the claim shall cease to be of any validity as to the founda- 
tion of a right to the waters of any stream. 

Sicc. 10. All persouH, companies, and corporations owning or claiming any lands 
situated on the banks or in tho vicinity of any stream shall be entitled to the use of 
the waters for tho purpose of irrigating the land so held or claimed. 

Sec. U. Whenever any such owner or claimant to land has not sufficient length of 
frontage on a stream to afford the requisite fall for a ditch, canal, or other conduit in 
his own premises, or where the land proposed to be irrigated is back from the banks 
of the stream and convenient facilities for watering the land can not be had, the 
owner or claimant shall be entitled to the right of way through the lands of others for 
the purposes of irrigation : Providedj That in making, construQtinff, keeping up, and 
maintenance of the ditch, canal, or conduit through the lands of others, the person, 
oompany, or corporation and those succeeding to the interest of the same shall keep 
the ditch, canal, or other conduit in good repair, and shall also be liable to the own- 
ers or claimants of the lands crossed for all damages which may be occasioned by an 
overflow or result from any neglect or accident (unless the same be unavoidable;. 

Sec. r^. In case of the refusal of the owners or claimants of any lands through 
which such ditch, canal, or other workb are proposed to be made or constructed, to 
allow a passage, the persons, company, or corporation desiring the right of way may 
present a petition to the county commissioners describing the lands to be crossed, the 
9lze of the ditch) canal, or works, the quantity of land required, givin^^ tl^e n^iies of 
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(be owBers or parties iuterested, and asking for appointment of three appraisers to 
ascertain the compensation to be made. When the petition is filed the county com- 
missioners shall give notice, either by newspaper publication or notices in three pub- 
lic places, one the conuty seat, that the appraisers will be appointed, nnless good 
canse be shown by the parties adversely interested why the petition should be de- 
nied. The notice must be published or posted not less than thirty days prior to the 
hearing, and the expense defrayed by the petitioners. 
Src. 13. The appraisers shall impartially hear the proofs and allegations offered 
. by the respective parties, and, after viewing the lands and premises, shall ascertain 
and certify the compensation proper to be paid for the right of way to the parties 
owning or interested in the lands to be crossed and the damages, if any, after making 
allowance for real or direct benefits which the owner or party interested may desire 
from the makiug of a ditch, canal, or other works. They, or a majority of them, 
shall subscribe the certificate, and it shall be recorded in the county recorder's office, 
and upon the payment or tender of the compensation and damages, if any, or the 
deposit of such amount in the county treasury to the credit of the party or parties 
interested, the persons, companies, or corporations shall have the right of way for 
the proposed ditch, canal,' or other works. 

Sec. 14. All persons, companies, or corporations owning or having the possessory 
title or right to lands adjacent to any stream, shall have the right to place in the 
channel oi or upon the banks or margin of the same, rams or other machines for the 
purpose of raising the water to a level above the banks of such heights as may be 
requisite for its flow to and upon the lands, and the right of way over and across the 
lands of others for conducting the water may be acquired in the manner heretofore 
mentioned. 

Sec. 15. Where the owners of any spring or the appropriators of any stream may 
desire to conduct the waters to any lands for irrigation, or to any city or town for 
tbe use of the inhabitants, or to any factory, or to any distant place, with the intent 
to apply the same to a beneficial use, and where to accomplish the object it may be 
necessary to cross with ditches, flumes, or other condui^> the lands owned and occu- 
. pied by others than the owners or appropriators of the spring or stream, the right 
of way over and across the lands of others may be acquired in tbe manner prescribed 
in the preceding section. 

Sec. 16. The owners or constructors of ditches, canals, works, or others aquedncts, 
and their successors in interest, using and employing the same to convey the waters 
of any stream or spring, whether the ditches, canals, works, or aqueducts be upon the 
lands owned or claimed by them or upon other lands, shall keep and maintain the 
same, and the embankments, flumes, or other conduit by which the waters are or may 
be conducted, in good repair and condition, so as not to damage or in any way injure 
the property or premises of others. 

Sec. 17. Nothing in this act shall be so construed as to interfere with or impair the 
rights to water appropriated and acquired prior to the passage of this act, but this 
, reservation in behalf of existing rights shall not exempt such appropriatiors from lia- 
bility as heretofore provided. 

Sec. 18. In case the volume of water in any stream shall not be sufficient to sup- 
ply continually the wants for irrigating purposes of the owners or proprietors of land 
in any district or neighborhood in which customs exist for distributing the waters 
amongst such owners or proprietors, the water diverted shall, in such case, be held to 
be a common right iu those accustomed to a participation in the use and enjoyment of 
the distribution, and such custom shall be upheld in all courts as conferring the com- 
mon right in the same : Provided^ That this section shall not be construed to affect any 
, prior vested right. 

Sec. 19. In case any person, company, or corporation shall have constructed a ditch 
for the purpose of directing the water of any river, creek, ca!ion, ravine, or spring, 
for the purpose of selling the water for irrigating purposes, the owners dr cultivators 
of land along the line o^ and covered by, the ditch or canal shall be entitled to, and 
have the right to, the use of water for the purpose of irrigating in the following 
order : First, all persons through whose land the ditch or canal runs shall be entitled 
to the use of the water in the order of their location ; second, after those through 
whose land the ditch or canal runs, those upon either side of the line of the ditch or 
canal shall be entitled to the use of the water; those equally distant from the line 
shall be entitled to priority in the order of their location along the line : Provided al- 
ways, That the owners or cultivators of such lands shall pay the usual and customary 
rates for the use of the water, and whenever any ditch or canal has been constructed 
for the purpose of conveying water and selling the same for irrigating purposes it 
shall be unlawful for the owner or owners to change the line so as to preventer inter- 
fere with the use of water by any one who, prior to the proposed change, had used 
water for irrigating purposes. And it is tbe duty of the owner or owners to keep the 
same in good repair, and to canse the water to flow through to the extent of its oa- 
paoity, proyided so much m^ bQ needed during the entire time that winter may be 
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necessary for irrigating pnrnoBAs: And provided fwrtheTj That the river, creek, cafion, 
ray inc. or spring from which the water is taken furnishes an amount of water suffi- 
cient tor such purpose, snhject to the appropriation of the owner or owners of the 
ditch or canal. For a failure to cause the water to flow, the owner or owners or les- 
sees of any such ditch shall he personally liable to any one for any danger resulting 
from the failure; and in addition to personal liability the damages shall be a lien 
npon the ditch or canal, which shall continue in force until the damages are paid. 
No person entitled to the use of water from any such ditch or canal shall, under any 
circ^umstances, use more water than good husbandry shall require for the crop or 
crops that he shall cultivate ; and any person using an excess of water shall be liable 
to the owner or owners for the value of the excess, and, in addition, shall be liable to 
all damages sustained by any other person who would have been entitled to the use 
of the excess of water. 

The General Laws of 1881, in an act regulating the distribution of water for pur- 
poses of irrigation, in substance is as follows: 

Sbction 1. The inhabitants of any vicinity or neighborhood who use the waters 
of any ditch, stream, or spring for the purpose of irrigation, or have or claim a com- 
mon right to the same for such purposes, shall constitute a water district, and a ma- 
jority of the inhabitanis having the common right may annually, on the fourth Mon- 
day of March, elect a water-master, whose duties shall be to superintend the distri- 
bution of the waters among those having the common right. The water-master shall 
file a bond, faithfully to perform his duties, in the sum of $500, with two sufficient 
sureties in the county recordei-'s office of the county wherein the district is situated, 
and he shall employ one or more deputies, as authorized by the inhabitants of his 
district, and they shall receive such compensation as the inhabitants agree upon. 

Sec. 2. The owner or owners of any ditch for the distribution and sale of water 
for the purposes of irrigation shall employ a water-master for the distribution of the 
water of the ditch to the persons purchasing the same for such purposes, and no ac- 
count or demand for the use of the water during any time the water-master is not so 
employed shall be valid or collectible. 

Skc. 3. The water-master and his deputies shall regulate the distribution of water 
among the several ditches of his district and among the several inhabitants entitled 
and accustomed to the use according to their respective rights and necessities, and 
when the quantity of water is not sufficient to afford a supply to those entitled to it, 
the water-master and his deputies shall regulate the quantity to be used by each per- 
son and the time at and during which each person may use the same : Provided, That 
nothing in this act shall be so construed as to interfere with the individual right of 
companies or corporations, or in any manner interfere with the rights of individuals, 
companies, or corporations, to the use and control of water which is or may be their 
private property. 

Sec. 4. Where a ditch is common property, or there is a common right to the use 
of the water of a ditch without payment, and any labor or materials are necessary 
for the repair or cleaning of the ditch, or any gate or flume on or belonging to it, the 
water-master may make a fair pro rata assessment of labor or materials against the 
inhabitants of the district claiming the use of such water according t>o the benefits 
received by each, and if any person so assessed shall neglect or refuBC, for the period 
of ten days after notice, to furaish his just proportion of labor or materials, he shall 
forfeit all rights to the use of the water from the ditch for the year in which he shall 
make such defaults. 

Sec. 5. The water-master shall see that there are provided the necessary and proper 
head-gates and dams, and that the water is turned and runs into the ditches of his 
district at the proper season of the year; and he may require all peraons receiving 
water to construct proper gates at the points at which they take water Arom any 
ditch, dam, or reservoir; and he shall have such control of the location of ditches 
and gates as may be necessary to secure the most equitable distribution of th^ water 
among those entitled to its use. 

Skc. 6. Any person who shall, without the consent of the water-master of the dis- 
trict, divert any water from the ditch or channel where it was placed or caused or 
left to run by the water-master and his deputies, or who shall shut or open any ditch, 
gate, or dam with intent so to divert any water, and thereby deprive any person of 
the use of the same during any part of t!ie time he is entitled to it, or who shall oat 
any ditch or the banks thereof, or break or destroy any gate or flume, shall be fined 
not less than five nor more than twenty dollars, and shall be liable to any person in- 
jured in three times the actual damage sustained. 

IN KANSAS. 

Irrigation companies have the right of way through any lands or lots, and, with the 
consent of the municipal authorities, throngh any street, alley, or public ground of 
any city of the second or third class, and may use as much water as is necesAaty for 
the purpose for which they were organized, but no injury shall result to miUinff Of 
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■other improvements already constructed. Any snoh company may sell or lease any 
portion of its water, transmit power by sbafting, etc., borrow money necessary for 
comp eting and operating its works, issue bonds therefor, and mortgage the company 
property as security, enter upon any property for the purpose of making surveys, hold 
voluntary grants made in aid of the construction and maintenance of the works, con- 
struct a canal not more than 50 feet wide, and furnish water at such rates as ito by- 
laws may prescribe. 

Any person or company furnishing water to irrigate any land shall have a lien for 
payment npon the crops grown thereon. 

Any person wilfully injuring any irrigating canal, the right of way having been 
secured, is guilty of a mit^demeanor and may be punished by fine or imprisonment. 

MONTANA IRRIGATION LAWS. ♦ 

Revised Statutes, 1879, in the fifth division of general laws, Chapter XV, on cor- 
]>oration8 for industrial or productive purposes. Article I, contains provisicms in sab- 
stance as follows : 

Src. 271. Whenever any three or four persons form a company for constructing^ a 
ditch for the purpose of conveying water to mines, mills, or lands, for the nse of min- 
ing, milling, or irrigation of lands, they shall in their certificate specify as follows: 
The stream or streams from which the water is taken ; the point or place on said 
stream at or near which the water is to be taken out; the line of said ditch, as near 
as may be, and the use to which the water is intended to be applied. For other de- 
tails of certification see section 244. 

Se«. 272. Any ditch company shall have the right of way over the line named in 
the certificate, and the right to run the water of the stream or streams through their 
ditch : Providedj That the proposed line shall not interfere with any other ditch whose 
rights are prior ; the water of any stream shall not be diverted from its original chan- 
nel to the detriment of any miners or mill-men or others along the line of the stream 
who have priorority of right. 

ISbc. 273. Any company constructing a ditch shall furnish water in the way and 
manner named in the certificate designated to be used, whether miners, mill-men, or 
farmers, whenever they shall have water in their ditch nnsold. They shall give the 
preference at all times to this class of persons, the rates for furnishing water to be 
fixed by county commissioners or the tribunal transacting connty business as soon as 
the ditch is completed and prepared to furnish water. 

Sec. 274. Every ditch company organized shall keep the banks of their ditch in 
good condition, so that the water will not escape and injure any mining claim, road, 
ditch, or other property ; and whenever it is necessary to convey any ditch ovej, 
across, or above any lode or mining claim the company shall flume the ditch, if neces- 
sary, to keep the water out or from any claim, so far as it is necssary to protect the 
claim or property from the water of the ditch. 

Sec. 275. When any company shall organize to form a company to construct a flume, 
their certificate shall, in addition to details required by previons sections, specify as 
follows : The place of beginning, termini, and route, as near as may be, and the pnr- 
pose for which the flume is intended ; and when organized, the company shall have 
the right of way over the line proposed for the flume, provided it does not conflict 
with the rigUt of any former flnming, ditching, or other company. 

» « « « • « » 

Sec. 279. Any company formed for the purpose of constructing any ditch or flnme 
shall commence work within sixty days from the date of their certificate, and shall 
prosecute the work with due diligence until the same is completed ; the time of com- 
pletion shall not extend beyond three years from the time the work was commenced ; 
and the company failing to commence work within sixty days of the date of certifi- 
cate, and failing to complete it within three years of commencement, shall forfeit all 
right to the route claimed, and it shall be subject to be claimed by any other com- 
pany. 

SecI 280. Every corporation formed has power, first, to have succession by its cor- 
porate name for the period limited in its certificate of charter; second, to sue and be 
sued, con^plain and defend in any court of law or equity ; third, to make and nse :a 
common se^l and alter the same at pleasure ; fourth, to hold, purchase, and convey 
such real and personal estate as the purposes of the corporation may require; fifth, 
to appoint such subordinate officers and agents as the business of the corporation 
shall require, and to allow them a suitable compensa^on ; sixth, to make by-laws, 
not inconsistent with any existing law, for the managAient of its property, the regu- 
lation of its affairs, and for the transfer of stock: Providedy That no corporation 
. iofmed shall own or hold possession of more than six hundred and forty acres of land. 

* Territorial laws adopted by the State. (^ r\r\n]r> 
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8kc. 381. The powers eDQiuerated in the preceding seeUons shaOl tmI in uty « 
ration that shall hereafter be oreat>edf although they may not be speeified in thB mT' 
tifieate; bnt no corporation shall possess or exercise any omrporate powon, esM^ 
sach as shall be necessary to the exercise of the powers so enamerated. 

Sec. 082. Willfal or malicions damages, or interference wiUi property of any kind 
belonging to any company organised, upon conviction before tlie county oonrt wbove 
the offense is committed, shall be fined not exceeding five hnndred doUan, or impris- 
oned not exceeding one year, or both, and the offender shall pay all dami^gea the «or- 
poratiou may sustain, together with costs of suit. 

• • « « « • - • 

Sec. 285. Whenever any organized company shall not have acquired, by gift or pur- 
chase, the right of way required for the construction or maintenance or any road, 
ditch, telegraph, or flume, or may be affected by the operations of the same, they may- 
present a petition to the probate judge of the county, describing the lands required, 
giving the name and residence of eacn owner, and praying for the appointment oC ap- 
praisers. The judge, having evidence that the owners have been notified ten days 
previously by publication or notices in some public place in the county, shall appoint 
three impartial appraisers, who shall take an oath to perform their duties faitnnUly. 
Two of them shall review the premises, ascertain and certify the proper oompetiaa 
tion to be made, as well as all damages accruing to the owners, after making a jiiat 
allowance for the real benefits or advantages which the owners may derive m>m ^le 
construction of the road, ditch, telegraph, or flume. They shaU file a certificate of 
their ascertain uteut and assessment m the county clerk's office. The probate jddjge 
upon such certificate and proof that compensation has been paid to the parses 
entitled to the same, or deposited to their credit, shall have a certified oepv of^ the 
description of the lands and payment or deposit of eompensation recorded in the 
recorder's office of the proper county. The corporation shall have the exclusive riffht 
of all such lands, during the continnauce of the corporation, and may take po sooea ion 
of, hold, and use the same for the purpose of the road, ditch, telegraph, or flume, 
and shall be discharged from all claims for any damage. If at any lime after an aot- 
ual ascertainment of compensation the title acquirea or the assessment should ^ be 
deemed defective, the corporation shall proceed and perfect the title by proonxinn^ 
the assessment of the proper compensation to be made to anv i>er8on who has an 
interest in or lien upon thelands. The probate judge may authorize the corporation, 
if already in possession, to make payment in the manner hereinafter providea ; if not 
in possession to take possession of and use the premises until the final conolnsion -of 
the proceedings, and may stay all actions againt the corporation on account thereof : 
Provided, That the corporation shall pay a sufficient sum into court, orgivea^prOTsd 
security to pay the compensation. When possesion shall be so authorized it shidl 
be lawful for the owners to conduct the proceedings to a conclusion if the same shall 
be delayed by the company. 

The substance of Article I, Chapter XXXIII, on rights of persons and corporatioBs 
is as follows : 

Sbc. 731. Any person or persons, corporation or company, who may have or hold a 
title or possessory right or title to any agricultural lajids as defined by the or^^aoie 
act shall be entitled to the use and enjoyment of the waters of the streams or creeks 
for the purposes of irrigation, and making the land available for agricultural . pur- 
poses to the full extent of the soil : Prov^ed^ That in all cases where, by virtue of 
prior appropriation, any person may have diverted all the water of any stream, or to 
such an extent that there shall not be an amount sufficient left for those havinifr » 
subsequent right for such purpose of irrigation, and there shall at any time be a sur- 
plus so diverted, over and above what is actually used for such purpose by prior ap- 
propriation, such person shall be required to turn and cause to fiow back the surplus 
water, and upon failure to do so, within five days after demand being made npon 
him in writing by any person having a right to the use of the surplus water, the per- 
son diverting the same shall be liable to the person aggrieved in the sum of tweitty- 
five dollars ifur each and every day the water shall 1^ withheld after the notice^ to 
be recovered by civic action by any person having a right to the use of tiie sur^tus 
water. 

Src. 732. When any person or persons, corporation or company, owning or holdii^ 
land shall have no available water facilities, and when it is necessary to raise tite 
waters of the stream or creek to a sufficient height to irrigate the lan^ or whenerer 
the lands are too far removed from the stream or creek to use the waters, the per s on 
or persons, corporation or company, shall have the right Of way through airat>Ter 
any tract or piece of land for the purpose of conducting and eonveying the water by 
means of ditches, dikes, flumes, or canals. 

8kc. 733. The right to dig and construct ditches, dikes, flumes, and canals orer 
and across the lands of another shall only extend to so much digging, catting, or ex- 
cavations as may be necessary for the purposes required. 

Sec. 7'M. In all controversies respecdng the rights to water the same shall be de< 
termined by the date of the appropriation as respectiTely xaisA^ l>7 ^^ p^4^ 
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8£C. 735. The waters of the streams or creeks may be made available to the fall ex- 
tent of the capacity for irrigating purposes without regard to deterioration in quality 
or diminution of quantity, so that the same does not materially affect or impair the 
rights of the prior appropriator ; but in no case shall the same be diverted or turned 
from the ditches or canals of the appropriator so as to render the same unavailable. 

Sec. 736. Any person or persons, corporation or company, dama^ng or injuring the 
lands or possessions of another by reason of cutting or digging ditches or canals, or 
erecting flumes, shall be liable to the party so injured. 

Sbc. 737. This article shall not be so construed as to impair, or in any way or man- 
ner interfere with, the rights of parties to such use of the water of streams or creeks 
as may have been acquired before its passage. 

Sec. 738. This article shall not be so construed as to prevent or exclude the appro- 
priation of the waters of the streams or creeks for mining, manufacturing, or other 
lenefioial purposes, and the right also to appropriate the same is hereby equally 
vteognifled and declared. 

Sbc. 739. Any person or persons, corporation or company, who may dig and construct 
ditches, dikes, flumes, or canals over or across any public roads or highways, or who 
may use the waters of the same, shall be required to keep the same in good repair at 
such crossings or other places where the water may flow over or in any wise injure 
tmy roads or highways, either by bridging or otherwise. 

Sec. 740. Anv person or persons offending against the preceding section on convic- 
tion shall pay ior every offense not less than $25 nor more than $100, with costs of 
suits in civil action; one-half the fine shall be paid for the benefit of the common 
schools of the county, the other half to the person or persons giving the information. 
The defendant or defendants may be confined in the county jail until the fine and 
the costs are paid. 

Sec. 741. In all controversies respecting the rights to water, whether for mining, 
manufacturing, agricultural, or other useful purposes, the rights of the parties shall 
be determined by the dates of appropriation respeetively, with the modifications 
heretofore existing under the local laws, rules, or customs, and decisions of the 
Supreme Court. 

Article II deals with the regulations for the sale of water, and in substance is as 
follows : 

Sec. 742. Any person or persons, corporation or company, having the right to use, 
sell, or dispose of water, and engaged in using, selling, or disposing of the same, who 
shall have a surplus not used or sold ; or any person or persons, corporation or com- 
pany having a surplus of water, and the right to sell and dispose of the same, shall, 
and they or it are hereby required, upon the payment or tender to the person or per- 
sons entitled thereto of an amount equal to the usual and customary rates per inch, to 
convey and- deliver to the person or persons, company or corporation, such surplus of 
unsold water, or so much for which the payment or tender shall have been made, and 
shall continue so to convey and to deliver the same weekly, so long as the surplus of 
unused or unsold water shall exist and the payment or tender be made. 

Sec. 743. Any person or persons, corporation or company, shall, at their own cost 
and expense, construct or dig the necessary flumes or ditches to receive and convey 
the surplus water so desired by it or them, and shall pay or tender to those having a 
right to the use, sale, or disposal thereof, an amount equal to the necessary costs and 
expense of tapping any gulch, stream, reservoir, ditch, flume, or aqueduct, and put- 
ting in gates, gauges, or other proper and necessary appliances, usual and customary 
in such cases, and until the same shall be so done the delivery of the surplus water 
shall not be required. 

Sec. 744. Any person or persons, company or corporation, constructing the neces- 
sary ditches, aqueducts, or flumes, and making the payments or tenders, shall be 
entitled to the use of so much of the surplus water as the ditches, aqueducts, or 
flumes shall have the capacity to carry, and for which payment or tender shall have 
been made, with all the rights and privileges incidental thereto, so long as the unsold 
or surplus water exists and the payment or tender shall be or have been made, and 
may institute and maintain appropriate action, at law or in equity, for the enforce- 
ment of such right or recovery of damages arising from a failure to deliver, or wrong- 
ful diversion of the same. 

Sec. 745. Nothing in this article shall be so construed as to give the person or per- 
sons, corporation or company, acquiring the right to the use of water, as hereinbe- 
'fore provided, the right to sell or dispose of the same after being so used by it or 
them, or prevent the original owner or proprietor from retaking, selling, and dispos- 
ing of the same in the usual and customary manner after it is so used. 

Chapter XLV, on rights of way for the development of mines. Article IV, in sub- 
stance is as follows : 

Sec. ti86. The proprietor, owner, or owners of mining claims, whether patented 
under the laws of the United States or held under the local laws and customs, shall 
iHive ft right of way for ingress and egress, for the uece99ary purposes, over and acro69 
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the lands or mining claims (patented or otherwise) of others, as hereinafter pre- 
scribed. 

8bg. 887. Whenever any mine or mining claim shall be so situated that it can not 
be conveniently worked without a road thereto, or a ditch to convey the watw there- 
to, or a ditch or a cut to convey the water therefrom, or without a flume to carry 
water and tailings therefrom, or without a shaft or tunnel thereto, which road, ditch, 
cut, flume, shaft, or tunnel shall necessarily pass over, under, through, or across any 
lands or miniug claim owned or occupied by others, either under a patent from the 
United States or otherwise, then shall the first-mentioned owner or owners be entitled 
to the right of way for the road, ditch, cut, flume, shaft, or tunnel over, nnder, 
through, and across the other lands or mining claims. 

Sbc. 888. Whenever the owner or owners of any mine or mining claim desire to 
work the same successfully, he or they shall have the right of way for the purposes 
heretofore mentioned, and if it shall not have been acquired by agreement between 
all parties, it shall be lawful for him or them to present a petition to the judge of the 
district court of the county, praying that the right of way be awarded to him or 
them. The petition shall be verified and contain a description of the character and 
extent of the right sought, the mine or claim of the petitioner, and the claim or 
claims, and the lands to be affected by the right, with the names of the occupants or 
owners. It may also set forth any tender or offer hereinafter mentioned, and shall 
demand the relief sought. 

Sbc. sad. Upon the receipt and filing of the petition with the clerk of the court, 
the judge shall direct a citation to issue under the seal of the court, to the owners, 
named in the petition, of the mining claims and lands to be affected by the proceed- 
ings, requiring each of them to appear before the judge on a day therein named, 
which shall not be less than ten days from the service thereof, and show cause why 
the right of way should not be allowed. The citation shall be served on each of the 
parties in the manner prescribed by law. 

Skc. 890. Upon the return day of the citation, or upon any day to which the hearing 
shall be adjourned, the judge shall hear the allegations and proofs of the respective 
parties, and if he is satisfi^ that the claims of the petitioner can only be conven- 
iently worked by means of the privilege prayed for, he shall make an order adjudg- 
ing and awarding the right of way, and shall appoint three commissioners, disin- 
terested parties, and residents of the county, to assess the damages resulting to the 
lands or claims affected by the order. 

Sec. 891. The commissioners shall faithfully and impartially proceed to examine the 
premises and shall assess the damages and report the amount to the judge, and if the 
right of way shall affect the property of more than one person or company, the report 
shall contain an assessment of aamages to each company or person. 

Sbc. 892. For good cause shown, the jadge may set aside the report of such commis- 
sioners and appoint three others, whose duties shall be the same as above mentioned. 

Sec. 893. Upon the payment of the sum assessed as damages to the persons to whom 
it shall be awarded, or a tender thereof to them, then the person or persons petition- 
ing shall be entitled to the right of way, and may immediately proceed to occupy the 
same, and to erect such works and structures and make such excavations as may be 
necessary to the use and enjoyment of the right. 

Sbc. 894. Appeals from the assessment of damages may be made and prosecuted in 
the proper district court by any party interested, at any time within ten days after the 
filing of the report, and a written notice of the appeal shall be served upon the appel- 
lee. The appellant shall file with the clerk of the court a bond, with sureties to be 
approved by the clerk, in the amount of the assessment appealed from in favor of the 
appellee, conditioned that the appellant shall pay any costs that may be awarded to 
the appellee and abide by any judgmentt hat may be rendered in the cause. 

Sbc. 895. Appeals shall bring before the appellate court only the propriety of the 
amount of damages and may be tried by the court or before a jury. 

Sec. 896. The prosecution of any appeal shall not hinder, delay, or prevent the ap- 
pellee from exercising all the rights and privileges heretofore mentioned : Provided, 
That the a[>pe1loe shall file with the clerk of the court in which the appeal is pending 
a bond with sufficient sureties, to be approved by the clerk, in double the amount of 
the assessment appealed from, conditioned that the appellee shall pay to the appellant 
whatever amount he may recover in the action. 

Sbc. 897. If the appellant recover |50 more damages than the commissioners shall 
have awarded, or the appellee shall offer to allow judgment against him to be taken, 
the appellee shall pay the costs of appeal, otherwise the appellant shall pay suoh 
costs. 

Sec. 898. The costs and expenses of proceedings, except as herein otherwise pro- 
vided, shall be paid by the party making the application : Provided, However, That 
if the applicant shall, before the commencement of such proceedings, have tendered 
to the parties owning or occupying the lands or mining claims a sum equal to or 
more than the amount of damages recovered by the defendant or defendantSy then aJl 
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of the costs and expenses shall be paid by the party or parties owning the lands olr 
mining claims affected by the right of way and who appeialed and resisted the claim 
of the applicants. 

The substance of Article I, section 1081 (Chapter LIV, on roads and highways), is 
as follows: Conn ty roads running parallel shall not be nearer than one mile, and 
upon the presentation of a petition signed by at least five freeholders of any neigh- 
borhood praying for passsjge to the various water-conrses for stock purposes, the 
commissioners may at their discretion establish such passage-way. This section 
shall also apply to the opening and establishment of neighborhood roads running to 
timber. 

(For other details of roads, see section 1064.) 

The general laws for 1883 contain an act to punish persons for unlawfully divert- 
ing water ; in snbstance it is as follows : 

Section. 1. Any person who shall divert from any water-course or ditch any water 
flowing therein, and by such diversion shall deprive another of the use of water to 
which he is entitled by law, and who shall refuse immediately to relinquish the water 
so diverted, upon demand being made by the person, or the agent of the person, to 
whom the water rightfully belongs, shall, on conviction, be fined in any sum not to 
exceed $100 or irapri8(med in the county jail not exceeding ^three months, or by both. 

Sec. 2. If any person, by force, threats, intimidation, or putting in fear with arms, or 
otherwise, near or upon any water-course or ditch, shall prevent or seeic to prevent 
any person from possessing or obtaining any water which he desires for some useful 
purpose, or by these means shall prevent any person lawfully entitled to the use thereof 
from diverting the water, when and where he may desire, the person so offending 
shall be deemed guilty of felony, and on conviction, be imprisoned in the Territorial 
prison not less than one year, nor more than five years. 

The general laws of 1885 contain an act relative to water-rights, m substance as 
follows: 

Section 1. The right to the use of running water flowing in the rivers, streams, 
cafions, and ravines may be acquired by appropriation. 

Sec. 2. The appropriation must be for some useful or beneficial purpose, and when 
the appropriator or his successor in interest abandons and ceases to use the water for 
such purposes the right ceases; but questions of abandonment shall be questions of 
fact, and shall be determined as other questions of fact. 

Sec. 3. The person entitled to the use of water may change the place of diversion, 
if others are not thereby injured, and may extend the ditch, flume, pipe, or aqueduct, 
by which the diversion is made, to any place other than where the first use was 
made, and may use the water for other purposes than that for which it was origi- 
nally appropriated. 

Sec. 4. The water appropriated may be turned into the channel of another stream 
and mingled with its waters, and then [be] reclaimed; but in reclaiming it water 
already appropriated by another must not be diminished in quantity or deteriorated 
in quality. 

Sec. 5. As between appropriators, the one first in time is first in right. 

Sec. 6. Any person hereafter desiring to appropriate water must post a notice in 
writing in a conspicuous place at the point of intended diversion, stating first, the 
number of inches claimed, measured as hereinafter provided; second, the purpose for 
which it is claimed, and place of intended use; third, the means of diversion, with 
size of flume, ditch, pipe, or aqueduct, in which he intends to divert it ; fourth, the 
date of appropriation ; fifth, the name of the appropriator. The appropriator shall 
file with the recorder of the county, within twenty days after date of appropriation, 
a notice, which, in addition to the facts required to be stated in the posted notice, 
shall contain the name of the stream from which the diversion is made, if it has a 
name, and if not, such a description of it as will identify it ; also an accurate descrip- 
tion of the point of diversion and reference to some natural object or permanent mon- 
nment. 

The recorded notice shall be verified by the affidavit of the appropriator, or some 
one in his behalf, which must state that the matter and things contained in the no- 
tice are true. 

Sec. 7. Within forty days after posting the notice the appropriator must proceed 
to prosecute tbe excavation or construction of the work by which the water appro- 
priated is to be diverted, and must prosecute the same with reasonable diligence to 
completion. If tbe ditcn or flume, when constructed, is inadequate to convey the 
amount of water claimed, the excess claimed above the capacity of the ditch or flume 
shall be subject to appropriation by any other person. 

Sec. 8. A failure to comply with the provisions of this act deprives the appropri- 
ator of the right to the use of water as against a subsequent claimant who complies 
therewith, but by complying the right to the use of the water shall relate back to 
the date of posting notice. 
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Sec. 9. Persons who have heretofore acquired rights to the use of water shall, 
within six months after the publication of tbis act, file in the recorder's office of the 
county wherein the water-right is situated a declaration m writing, except notice be 
given of record setting torfch the same facts required in the notice provided for in sec- ^ 
tion 6 of this act. The declaration shall be verified as before required in cases of no- 
tice of appropriation of water: Pnmdedy That a failure to comply with the requirfe- 
ments of this section may in no wise work a forfeiture of such heretofore acquired 
rights, nor prevent any such claimant from establishing such rights in the courts. 

Sb€. 10. The record provided for in the preceding sections, when duly made, shall 
be taken and received in all the courts as prima facie evidence of the statements 
thereiu obtained. 

8bc. 11. In any suit hereafter commenced for the protection of rights acquired to 
water, the plaintiff may make any or all persons who have diverted water fk*om the 
saoie stream or source parties to such action, and the court may in one decree settle the 
relative priorities and rights of the parties to such suit. When damages are claimed 
lor the wrongful diversion of water, the same may be assessed and apportioned by the 
jury in their verdicts, and Judgment may be entered for or against one or more of 
several defendants, and may determine the ultimate rights of parties between them- 
selves. 

Sk€. 12. In any action concerning joint water-right, or joint rights in water-ditches, 
unless partition of the same is asked by parties to the action, the court shall hear ana 
def^rmiiie such controversy as if the same were several as well as joint. 

Sec. 13. The recorder of each county must keep a well-bound book, in which he must 
record the notices and declarations provided for in this act, and he shall be entitled 
to have and receive the same fees as are now or hereafter may be allowed by law for 
recording iustrumeuts entitled to be recorded. 

Sec. 14. The measurement of water appropriated shall be conducted in the follow- 
ing manner: A box or flume shall be constructed, with a head-gate placed so as to 
leave an opening of 6 inches between the bottom of the box or flume and lower edge 
of the head-gate, with a slide to enter at one side of and of sufficient width to close 
the opening left by the head-gate, by means of which the dimensions of the opening 
are to be adjusted. The box or flume shall be placed level, and so arranged that the 
stream in passing through the aperture is not obstructed by backwater or an eddy 
below the gate ; but before entering the opening to be measured the stream shall be 
brought to an eddy, and shall stand three inches on the head-gate and above the top 
of- the opening. The number of square inches contained in the opening shall be the 
measure of inches of water. 

NEBRASKA LAW. 

Irrigation companies may be incorporated under general laws, and are declared to 
be works of internal improvement, and, as such, towns may vote gratuities to theoi 
to the extent of 10 per cent, of the assessed value of «uch towns, and l^y a two* 
thirds vote to the extent of 1(> per cent., and may issue bonds for the same purpose to 
the amount of 10 per cent, of the assessed value. 

NEVADA IRRIGATION LAWS. 

An Act to Regulate the Use of Water for Irrigation and for other Pur 

poses, etc. 

Section 1. That the lands now irrigated, or which may hereafter be irrigated in 
the State of Nevada, are horebv. divided into the following irrigation districts : Dis- 
trict No. 1 shall consist of all the lands irrigated from the Truckee River and its trib- 
ntaries. District No. 2 shall consist of all the lands irrigated from the Carson River 
and its tributaries. District No. 3 shall consist of all the lands irrigated from the 
East and West Walker Rivers and their tributaries. District No. 4 shall consist of 
all the lands irrigated from the Humboldt River and its tributaries. District No. 5 
Hhall consist of all the lands irrigated from the Owyhee River and its tributaries. 
District No. 6 shall consist of all the lands irrigated from the Rees River and its trib- 
utaries. District No. 7 shall consist of all the lands irrigated from the White River 
and its tributaries. District No. 8 shall consist of all the lands irrigated from the 
Muddy River and its tributaries. Other irrigation districts may be formed from time 
to time by the governor, on petition of the parties interested, comprising territory 
not within any of the above-established irrigation districts. 

Sec. 2. There shall be one water commissioner for each of the above-named dis- 
tricts and for each district hereafter formed, who shall be appointed by the governor 
whenever his service may be required, to be selected by him from the persons recoup 
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n^ed to blm by the several boards of coanty commissioners of the counties in which 
the water districts may extend, and the water commissioners so appointed shall hold 
offiiEle for the period of two years, or until their successor is appointed and qualified. 
Tlie JsoTemor, by like selection aud appointment, shall fill all vacancies which may 
he eaused by death, resignation, or continued absence from the district, removal or 
etherwlse, and the governor may at any time remove auy water commissioner for 
£ulare to perform his duties or for any other cause. 

Qeci 3. That within twenty days after his appointment, and before entering upon 
tl^dQttes of his office, such water conmissioner khall take and subscribe to an oath 
td fshi^fuUy and impartially perform the duties of his office, which oath shall be de- 
posited with the clerk of the court having jurisdiction over his district. 

Sbc. 4. It shall be the duty of said water commissioners to divide the water in the 
nature lakes or streams of their districts among the several ditches taking water 
hosD the same according to the prior rights of each, respectively, in whole or in part, 
and to ^nt and faarten, or cause to be shut and fastened, the head- gates of any ditch 
(Hrditehea heading in any of the natural streams or lakes of the district, which in 
titoeof a searcity of water makes it necessary by reason of the priority of the rights 
of others above or below them on the stream. 

Sse. 5. Every person who shall willfully open, close, change, or interfere with any 
head^ste or water-box without authority shall be guilty oi a misdemeanor, and on 
fonvietion thereof shall be fined in any sum not exceeding five hundred dollars, or 
imprisoned In the county jail for a term not exceeding six mopths, or both such fine 
ana imprisonment. The water commissioners, or their assistants, within their dis- 
tacto, snail have authority to arrest any person or persons offending, and take them 
before the nearest justice of peace in the county, to be dealt with as in other cases. 

SECi 6i The water commissioner herein provided shall be entitled to pay at the 
rate of five dollars per day for each day he shall be actually employed in the duties 
of hist>ffiee, not to exceed ninety days in any one year, to be paid by the county in 
whi^ bis irrigation district may lie. Each water commissioner shall keep a just 
imd true aoeount of the time spent by him in the duties of his office, and shall pre- 
tenta trneoopy thereof, verified by oath, to the board of county commissioners of 
aH^ cenn^ In which his district may be, and said board of county comn^issioners 
shall allow and pay the same out of the county treasury, and where irrigation dis- 
M)t8 shall extend into two or more counties then said water commissioner shall be 

paid for his services as follows: In District Ko. 2, Douglas County shall pay , 

QtiBSf County shall pay , Lyon County shall pay , Churchill County shall 

fmy . In District No. 3, Esmeralda County shall pay , T^yon County shall 

jay — — , Douglas County shall pay . In District No*. 4, Humboldt County shall 

w^ threMeventhS , Lander County shall pay one-quarter , Eureka County 

Smulpay one-quarter ^— , Echo County shall pay three-sevenths ^ — . District No. 

6i Lander County shall pay -^ — , Nye County shall pay . Said water commis- 

SMnersbfldl have power, m case of emergency, to employ suitable assistants to aid 
him in the lii^cSiarge of his duties; such assistants shall take the same oath as the 
wMeroomaiissioner and shall' obey his instructions, and each shall be entitled to 
low dollars per day for every day he is actually employed, not to exceed thirty-five 
di^ln KDj one year, to be paid upon the certificate of the water commissioner in 
^»4MHne manner as is provided for payment of water commissioners. 

BMC. 7. Said water commissioners shall not begin their work until they shall be 
eiikwl'by thr^ or more owners or managers or persons controlling ditches in their 
■evwri districts bv application in writing, stating that there is a necessity for their 
aelloik, and they shall not continue performing services after the necessity therefor 
^Ml eease. 

fiMc: 84 For the purpose of hearing, adjudicating, and settling all questions eon* 
^tn lhig the propriety of the appropriation of water between ditch companies and other 
4Hm«r8 irf ditches drawing water for beneficial purposes from the same stream or its 
tM^tariSis or lakes, within the same irrigation district, and all other questions of 
law and questions ot right growing out of or in any way involved or connected there- 
wMf -Mrlsdietion is hereby vested exclusively in the several district courts as follows : 
9blP«M»*let N49. 1, in the district court of the State of Nevada, Washoe County; for 
MMst Nft. 2, in the district court of the State of Nevada, Ormsby County ; for dis- 
tdUt Ktf^ 3, in the district court of the State of Nevada ; for district No. 4, in the dis^ 
tilit^ieottrt of the State of Nevada, for either Humbolt or Elko Counties ; for district 
M/^^ i« th^ district court of the State of Nevada ; for district No. 6, in the district 
c < mt6f 'thfe state of Nevada, Lander County : for district No. 7. in the district court 
d^^t^ §tote of Nevada f for district No. 8, in the district court or the State of Nevada. 
Atf laJtees, «ti«6m«, and reservoirs not herein enumerated shall be for all purposes at* 
tJilled fd and belong to the irrigation district in which the greater portion of its 
yt HMt t f iSfAt being the intention and meaning hereof to add to each irrigation district 
M'^rMkttA net hereinbefore enumerated, the majority of which lie within their re* 
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spective areas, for tbo purpose of acquiring rights to the appropriation and ase-thereof 
and adjudicating the same. 

Sec. 9. In order that all parties may be protected In their lawful rig^ht« to the use 
of water for beneficial purposes, every person, association, or corporation owning or 
claiming any interest in any ditch, canal, or reservoir within any water district 
shall, on or before the first day of September, eighteen hundred and eighty-nine, file 
with the county recorder of the county a statement of their claim under oath, en- 
titled of the proper county, which statement shall contain the name or names, to- 
gether with the post-office address, of the claimant or claimants claiming ownership 
as aforesaid of any such ditch, canal, or reservoir, the name thereof (if any), and if with- 
out a name the owner or owners shall choose and adopt a name to be therein stated by 
which such ditch, canal, or reservoir shall thereafter be known; the description of 
such ditch, canal, or reservoir as to location of head-gate, general course of ditch, 
the name of the natural stream or lake from which such ditch, canal, or reservoir 
draws its supply of water; the length, breadth, depth, and grade thereof as near as 
may be ;, tbe time, fixing a day, month, and year as the date of appropriation of water 
by original construction, also by the enlargement or extension, if any such thereof 
have been made, and the amount of water claimed by or under such constrncticm, 
enlargement, or extension, and the present capacity or the ditch, canal, or feeder of 
reservoir, and also the number of acres of land lying under and being, or proposed to 
be, irrigated by water from such ditch, canal, or reservoir; or if such waters have 
been appropriated for other beneficial purposes than irrigation, a statement of such 
purposes. Said statement shall be signed by the proper party or parties and filed 
with the recorder of the county wherein the right claimed is situated, which shall 
be recorded by him in a book kept for that purpose. 

Sec. 10. Upon the filing of such statement the recorder shall indorse upon the 
back thereof the date of filing, and shall prepare an index of the same in a book to be 
provided for that i^urpose by the county commissioners, which said index shall con- 
tain the date of filing, the name of the party, association, or corporation, the name 
of the ditch, the stream from which the water is taken by such ditch, canal, or res- 
ervoir, the location of the head-gate, the date of the appropriation of the water by 
construction, enlargement or extension. Said index shall be prepared alphabetically 
by reference to the name of the ditch, canal, or reservoir. 

Sec. 11. For filing and indexing such statement the recorder shall receive the same 
fees as for recording deeds, to be paid by the party or parties filing the same. 

Sec. 12. That hereafter every person, company, or corporation constructing, en-. 
larging, or extending any ditcn, canal, or reservoir for beneficial purppses, and in- 
tending to use or appropriate any water from any natural stream or lake within any 
water district for such beneticial purposes, shall tile with the county recorder of the 
proper county before the commencement of the construction, enlargement, or exten- 
sion of such ditch, canal, or reservoir, a statement showing the stream or streamsi 
from which the water is to be taken ; the point or place on said stream at or near 
which the water is to be taken out ; the line or commencement of said diteh or 
ditches as near as may be ; the use or uses to which said water is to be applied ; the 
dimensions of said ditch or ditches, and each thereof, giving width on bottom and 
top, slope of banks, and grade of ditch, and likewise of any and all enlargementa 
thereof, which statement shall be filed and indexed as is provided in section 9 o£ 
this act ; and from the time of filing any such statement water sufficient to fill such, 
ditch or ditches and subserve the use or uses aforesaid, if a lawful and just use, shall, 
be deemed 'and adjudged appropriated: Providedj That nothing herein contained 
shall be permitted to interfere with a prior right to said water or to any thereof: 
And provided further, That such person or persons or corporation shall, within aiz^ 
days nextensuingthe filing of such statement, begin the actual construction of siud 
ditch or ditches, and shall prosecute the work of tne construction thereof diligei^7 
and continuously to its completion : And provided further^ That the beginning of aU 
necessary survey of such ditch or ditches shall be construed as the beginning of sakL 
work of construction. 

Sec. 13. Tbe water of every natural stream not heretofore appropriated within thi* 
State is hereby declared to be the property of the public, and the same is dedicated' 
to the use of the people, subject to appropriation as herein provided. The proYiflioott^ 
of this act shall apply to all cases where the water of natural streams or lakes is jq»^ 
propriated for beneficial purposes, whether the water be conducted through dltehflt^^ 
canals, flumes, or tunnels, and shall apply also to cases where for irrigating porposas' 
the water is stored in reservoirs, and the owner or owners of any ditch, oaniJ, flnme^ 
or tunnel through which water is conducted for irrigating purposes, and 4yso the >. 
owners of reservoirs, may conduct the water therefrom into and along any <^ tte' 
natural streams of the State, but not so as to raise the waters thereof above high- ^ 
water mark, and may take the same out again at any point desired ; but due aUowwr 
ance shall be made for evaporation and seepage, the amount to be determined ^ the •, 
water commissioner of the proper district, subject to review and determination by 
the court having jurisdiction over priorities in such districts. 
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€bc. 14. Whenever any person or x>er8ons, assooiation or corporation, interested as 
owners of any ditch, canal, or reservoir in any district, shall desire a determination 
of the priorities of rights to the use of water from any stream or streams from which 
they draw the water for their ditch or ditches, canals, or reservoirs, they shall present 
to the district court having Jarisdiction over the rights in such water district, or to 
the jndge thereof, a petition or application In writing, moving or praying said court 
to proceed to an stdjudication of the priorities of rights to use of the water for irriga- 
tion, between the several ditches, canals, or reservoirs, in such district, on the stream 
or streams named in such motion, petition, or application. The said motion, petition, 
or application shall state the names of the ditches, canals, or reservoirs claiming 
water from said stream or streams as appears from the final statements in the re- 
corder's office, together with the names of the persons, associations, or corporations in- 
terested therein, taken from such statements, and shall set forth the nature of the 
claim or claims of the applicant or applicants^ and such motion, petition, or application 
shall be entitled ** lu the matter of an application for an adjudication of the priori- 
ties 6f rights to use water for beneficial purposes in water districts. District No. -i , 

on '— *— " (stating the stream or streams). Upon the filing and docketing of such 
application the court or judge thereof shall, without unnecessary delay, hy an 
order to be entered of record upon such petition or application, appoint a day 
for commencing to hear and take evidence in such adjudication, at which time 
it shall be the duty of the court or judge thereof to proceed and hear, all evi- 
dence that may be offered by or in behalf of any person, association, or corpora- 
tion interested in stream or streams in such district, in any ditch, canal, or reservoir, 
either as owner or consumer of water therefrom, in support of or against any 
claims of priority of appropriation of water made by means of any ditch, canal, or 
reservoir, or by any enlargement or extension thereof in such dis^^ict, or on such 
stream or streams, and consider all such evidence, also the arguments of the parties or 
their connsel, and shall ascertain and find from such evidence, as near as may be, the 
date of the commencement of such ditchi canal, or reservoir, together with the 
original size and carrying capacity thereof as originally constructed ; the time of 
the commencement of each enlargement or extension thereof, if any, with the in- 
creased capacity thereby occasioned ; the time spent severally in such construction, 
enlargement, or extension, and re-enlargement, if any ; the diligence with which the 
work' was in each case prosecuted; the nature of the work as to the difficulty of 
construction, and all such other facts as may tend to show the compliance with the 
law in Boquiring the priority of right claimed for each such ditch, canal, or reservoir, 
add determine the matters put in evidence, and make and cause to be entered a 
decree determining and establishing the several priorities of right, by appropria- 
tion of water of the several ditches, canals, and reservoirs in such witter district in 
such stream or streams, concerning which testimony shall have been offered, each 
according to the time of its said construction and enlargements and extensions, with 
the amount of water which shall be held to have been appropriated by such con- 
stmction and enlargement or extensions, describing such amount by cubic feet per 
second of time (which shall also be the measurement for the sale of water), if the 
evidence shall snow sufficient data to ascertain such cubic feet, and if not^ by width, 
depth, and grade, and such other description as will most certainly and conveniently 
show the amount of water intended as the capacity of such ditch, canal, or reservoir. 
In such decree such court or judge thereof shall receive from the clerk, on payment 
therefor, a certificate, under seal of the court, showing date or dates and amount or 
amounts of appropriations adjudged in favor of such ditch, canal, or reservoir, under 
and by virtue of the construction, extension, and enlargement thereof severally, also 
specrfying the number of said ditch, as determined by said court, with reference to 
priority and of each priority to which the same may be entitled by reason of said 
eonstr action, extension, and enlargements; provided, that any party or parties 
chtiining any right to the use of water for beneficial purposes in such district and on 
Buoh stream or streams by reason of being owner of or interested in any ditch, canal, 
or reservoir, who is not mentioned in the petition or application, and shall become 
parties to such proceedings and shall have their rights adjudicated therein. The court, 
or' jndge thereof, inay, instead of taking testimony orally or in open court, refer 
the matter to a referee, with such powers as in other oases. The testimony may be 
taken at any place ordered by the court, or judge thereof, or by the referee. 

Skc. 15. The holder of the certificate provided for in section fourteen shall exhibit 
the same to the water commissioner of the district when he commences the exercise 
of his duties, and such water commissioDer shall keep a book in which he shall enter 
a brief statement of the conteuts of such certificate and which shall be delivered to 
his successor, and said certificate, or statement thereof in his book, shall be the war- 
rant of authority to said commissioner for regulating the flow of water in relation to 
such ditoh, cankl, or reservoir; said certificate shall be recorded at the same rates of 
charges as in case of deeds of conveyance in the records of each county into which 
thecBtchy^ canal, or reservoir, to which such certificate relates, shall extend ; and said 
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flertilleftte, or said reeord tlieTeo^ oradDly c«ffttfied copj of simIi reMtd, ftkidMw 
nriinft fa6to«¥id«ne6 of so Bnicb of the decree as tluill be reeited l^«veiB in may eaife. 
or proeeeding hi whieh the same may be relevant. 

Bbc i<$. Upon the order of the eooH fixing the time of Mteh heariaic h^ing arade^ 
the elerk shall make a certified copy of »«eh ord«r» which order 6hidl «(»taitt it « • 
ilanee of all parties alleged in tbe applioatioB to bo iDter«8ted in the matter, ^^ek 
shall be therenpon seryed npon eaeh of the parties therein named, in the sane wan* 
uier a» summons. It shall be the doty of the clerk also to give pnblie -uotioe of soeii > 
applioatioa in a newspaper, if any printed and in oircnlatioB, iiieachoottntgr whereiB' 
Huoh water distriet is situated^ whioh ehall be published at least twenty days, and 
\^bich said notice shall contain the date of the filing of said petition or applicatioDy 
the name or names of the parties filing the same, a copy of the order made by th« 
court, of heariag^ and shall notify all parties interested as owneiB ii^any ditch,<oanal, 
or reservoir, OB snob stream or streams, in tneh water district, as well as the persona 
liamed in the jietition or application, to appear at said conrt, or before the jadge>^ 
tlieref f/ttt the time appointed and stated in the order; and all persono interested aa ' 
dwners or eonsnmers may then and there present his or her or their proofs lor or 
against any priority of righc of water by impropriation sought to be shown. by oajF- 
party, by or through any ditch, canal, or reserroir (either as owner or consomer m 
water therefrom), and in case any pMrty oMntioned in the petition or applieantiovi 
can not be personally served in any eonnty embraced in such water di8toiet,thOpiifo^ 
lisbed notioes above provided shall be deemed sufficient iservieo of notice: J^wkM i 
further, Thai in additiim to snob publication theelerk shall mail soch pnblisfaed no- 
tice to each party mentioned in tne petition or applieatiott, diveeting thesaraatath* ' 
address of t he parties, as stated in the b worn ^statement' on file. Proof of the proper ^ 
publication shall consist in the sworn certifioateof the pnblisberof the > paper in ' 
>^hich notice is published, to which shaU bo attached a printed eopy tiUcMiirom »b^ = 
paper. 

8bc. 17. Any person or persons who shall willfully cat, dig» or breakdown or opon^^ 
any gate, bank, or embankment or side of any ditch, canal^ or reservoir,, flnme, p%p&t, 
tunne), or feeder in which anoh person or persons may be Joint owners or which ia- 
the property of another or in the lawful possess ion of another or others and used for 
the purpose of irrigation, milHug, manufaotnring^ mining, or domestie purposes^ wklio 
intent maliciously to injure any person^ associatiout or ei^poration, or for his or lior 
own gain oc with the intention of stealinje, takings oroansing to rnnior poor oat of 
snob canal or reservoir, feeder, pipe, or finme any water for his or her own profit, . 
benefit, or advantage, or to the injnry of any other person^ porson% assoeiatioa^ ^t^ 
corporation lawfully 4 o the use of saeh water or of soch- diteh, canal, ttmsel, i(eed«v> . 
p^ipe,or flume, ho, she, it, or they so offending' shaU bo deemed gni^y of « misdo- 
meancHr and on conviction t^iereof shall be fined in any sum notexoeeding t^Ofi, att4i 
nbay be imprisoned in tbe county jail not exeeeding rix months, or both, at the^is^ 
cretion of the conrt. 

Sbc. IH. Any party or parties rej^esenting any ditch, eani^» or lesenroir, of any v 
number of pturties representing two or more ditches, canals, or reservoirs, which ars^ 
affected^ in common with each other, byany portion of the decree rendered by the dia* 
ti:iot ooort, by which he> she, it, or they may foel aggrieved, may have an appeal firom v 
said district conrt to the supreme conrt, and in sueh ease the party or partiee Join<> 
iug desiriug an appeal shall be the appellants^ uid the parties rofNresenting any one 
or more ditches, canals, or reservoirs affected in commoB adversely to thaintereat-of ^ 
appellants shall be appellees. The party or parties in snefa •ppoal shall, within atxty ; 
days after the date of tho^eeree is entered under this aot, file« notiee of anperi iA 
writing stating that such party or x>arttes appeal to the supreme ooort of tneBtata 
from tbe decree rendered in the case or any pSiit thereof. When only a part of thode- 
creo is appealed from^ the notioe of the appeal shall so state and shall also Ib that 
case specify the portion or part of the decree appealed from. Upon filing of s»eli^ 
notice of appeal the cause shall be deemed to be appealed to the supreme conrt of 
tboBtate: Provided, h&weper, That the party or parties appealing as aforesaid shidi,. 
within sixty days as aforesaid, enter into an understanding to no approved by the 
district court, or Judge thereof, and to be given to all parties in said sntt ov pioeeed- 
iMgs ether than the parties appealing, and to be in snch an amooat as the court or 
said judge Hball order, conditioned that the parties giving the said undertaking shall ^ 
proseeute their appeal to eft'ect and without unneeessary delays and will pay all easts 
and damages which the parties to whom the undertaking is given, or eithMsr or anyr 
of thenii may sustain in consequence of such appeal. 

Sec. 19. The notice last aforesaid shall be entered of record, and the af^eUant or 
appellants shall cause a certified copy thereof to be served ob eaeh of the j^artiea of 
taoir attorneys, if they have one, as in other cases* 

8bo« itQ, The appellfmt or appellants shall, within six months after tho appeal ha 
alio well as aforessud, file in the office of the clerk of the supreme ooart of the Btaiair 
a eertified transcript of tho proceedings had in tho ease in the disliiot ooart| osfBtain^ 
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ing the pleadings and the statements of the parties filed therein and all erideAoe of 
record offered on the hearing of the cause, orsomnch thereof as shall affect the a^^o- 
priation of water claimed by the means of construction, enlargement, or re^nlaij^e- 
meut of the seyeral ditches, canals, and reservoirs mentioned m the order allowiag 
the appeal; such statement to be served, filed, and settled in the same maoneras 
statements on motion for new trials. 

Sec. 21. The supreme court in all oases heard before it nnder this act shall, when 
it can properly be doue, render such decree as the court or Judge below should have 
rouderod. It m ay either reverse or modify the decree of the court below. If reversed 
in whole or in part it may direct the conrt below as to its further proceedings therein* • 

SsG. 22. No claim of priority of any person, assoeiation, or oorporation, on acoocint 
of any ditch, canal, or reservoir, as to which he, she, it, orthey have filed or refuse to 
offer evidence under any abjudication herein provided for, shall be regarded by any 
urater commissioner in distributing water in times of scarcity thereof, nntil such tioie 
as such party shall have, by application to the court having jaHsdietion, obtained 
leave therefor and made proof of the priority of right to which such ditch, oai^al, 
or reservoir shall be justly entitled, which shMl only be granted upon 4;erms as to 
notice to other parties interested, and upon payment of all costs, and upon affidavit 
or petition, sworn to, showing the rights claimed, and the ditches, canals> and reser« 
Yoirs, with the names of the owners tnereof, against which such priority is claimed, nor 
mitiladecreeadjudgingsuch ditch, canal, orreservoir has been entered, and certificate, 
sneh as mentioi^ in section fifteen thereof, shall have been issued to claimant and 
presented to the water commissioner. 

' Sec. 23. No person, assoeiation, or corporation representing &nj ditch, canal, or 
reservoir shall be permitted to gWe or oner any evidence before said court until he, 
she, it, or they shall have filed a statement of a claim, in substance the same in all 
respects a» ia required to be filed under the provisions thereof. 

&EC. 24.; The district court or judge thereof shall have power to ordm*, for good 
cause shown, upon terms just to all parties, and in such manner as may seem meet, 
a re-argument or review, with or without additional evidence, of any decree made 
under the provisions of this act, whenever said court or judge shall find from the 
cause shown for that purpose by any party or parties feeling aggrieved that the ends 
of justice will thereby be promoted, but no such review or re-argument shall be 
ordered unloM applied for by petition or otherwise within one year of the time of 
entering the decree complainea oi, 

SSC..S5. Persons desirjng to constmet and maintain reservoirs for the purpose of 
toring water shall have the right to take from any of the natural streams' of the 
State and store away any unappropriated water not needed for immediate nse^ for 
dottestio irrigation, or othi^r needfnl purposes ; to construct and maintain ditches, 
canals, flumes, and tunnels in the same manner provided by law for the condemna- 
tion .<xf lands for right of way for ditches, prov^ed no reservoir with embankment or 
a dam exceeding 10 feet in height shall be made without submitting the plans thereof 
to the connty commissioners of the eounty in which it is sitnated and obtain their 
approval of said plans. 

Sec. 26. The owners of reservoirs shall be liable for all damages arising from leak- 
age or overflow of the waters therefrom, or by floods caused by the breaking of the 
embuikment of such reservoir. 

Sbo. 27. Every witness who shall attend before the court or judge thereof, or before 
the person appointed to take testimony, in the causes provided for in thiaaot, under 
sabpoBua by request of any party, shall be entitled to the same fees and mileage as 
witnesses in civil cases in the district court, and shall be paid by tho party requiring 
his testimony. All other costs of the proceeding shall be paid by the parties elaim- 
ing water, as may be adjudged by the court or judge. 

Sec. 28. Whenever, in actions for proceedings, for the determination of water 
rights, it may become necessary to divide the water of any stream or ditch between > 
the different claimants, it shall be divided, as far as possible, by periods of time, in- 
stead of fractional parts of the water. 

Sec. 29. Said water commissioners shall so divide, regulate, and control the nse 
of tne water of all streams within their respective districts in suoh manner, as near 
as may be, as will prevent unnecessary wa^ of water; and to that end such eoro* 
missioners shall so shut and fasten the head-gate or gates of all ditches so that> no . 
more water will flow into said ditch than is actually required and will be nsed for 
the purpose or purposes for which such water was appropriated ; and any peison 
may resort to any court of competent jurisdiction for such relief as he may bo en- 
titled to. 

Sec. 30. Whenever testimony shall or may be taken in any dis<aict created by this 
act for the purpose of procuring decree as to appropriation of water and priorities 
thereof, any testimony theretofore taken upon tm^ hearing of any fovmer appUeatioa 
or petition under this act may be introduced and shall be received aaevidelboe^ 
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Sec. 31. This act shall in nowise be constraed as impairing or abridging any riglitfl 
already Tested in any person or persons, company or corporation, by yirtne of the 
law" heretofore. 

Sec. 32. All acts and parts of acts inconsistent with this act are hereby repealed. 

Sbc. 33. This act shaU take effect and be in force from and after its passage. 

UNLAWFUL DIVERSION AND WASTE OF WATKB. 

Section 1. Any person or persons who shall, during the irrigating season, divert 
and conduct the water, or portion thereof, of any river, creek, or stream into a slongh 
or sloughs, dam or dams, pond or ponds, and retain, or cause the same to be held or 
retain^ therein without making any other use of such water, or who shall, during 
the irrigating season, divert and conduct the water, or portion thereof, away from 
any such river, creek, or stream, and run, or cause or allow the same to run to waste 
on sage-brush or grease wood land, such diversion shall be deemed an unlawfiil use 
and waste of water. 

Sec. 2. Any person or persons, company, corporation, or association who shall, dar- 
ing the irrigating season, divert and conduct, or any jilerson or ^rsons aiding, abet- 
ting, or assisting any such person or^persons, company, corporation, or association in 
diverting and conducting, during the irrigating season, the water, or portion thereof, 
of any river, creek, or stream into any slough or sloughs, dam or dams, or pond at 
ponds, and retain, or cause the same to be retained therein without making any other 
use of such water, or who shall, during the irrigating season, divert and conduct the 
water, or portion thereof, away from any river, creek, or stream, and run, or cause or 
allow the same to run to waste, contrary to and in violation of the provisions of this 
act, shall be guilty of a misdemeanor, and upon conviction thereof, in any coort of 
competent jurisdiction in this State, shall be punished by a fine not exceeding five 
hundred dollars or by imprisonment in the county jail of the county not exceeding 
six months, or by both such fine and imprisonment. 

Approved February 28, 1889. 

reclamation commission. 

Whereas the State of Nevada has received from the General Government a grant 
of two million acres of land in lieu of the sixteenth and thirty-sixth sections, pre- 
viously granted to the State of Nevada, the proceeds from the sale of which are to 
be placed to the credit of the school fund of the State ; and 

Whei^as under an act of Congress approved September 4, 1841, and an act approved 
March 21^ 1864, a grant of 500,000 acres of land was made to the State of Nevada for 
internal improvements ; and 

Whereas the selections of said lands are not confined to any particular section of 
unappropriated land ; and 

Whereas the greater portion of unappropriated lands in the State of Nevada is 
known to be desert, waste, and actually valueless and without sale, unless water, for 
the purpose of irrigation, can be brought upon them, and the land properly and 
systematically irrigated, crops of all kinds can not be successfully raised ; and 

Whereas the permanent settlement, growth, wealth, and independence of the State 
and people, as well as the sale of school lands, depend upon the reclamation of these 
desert lands : Now, therefore, 

The people of the State of Nevada, represented in senate and assemhly, do enact as follows: 
Section 1. A board of reclamation commissioners is hereby created, to consist of 
four members, to be known as the '* board of reclamation and internal improvements,'' 
for the storage of water and reclamation of arable desert lands in this State. Said 
board to consist of J. F. Clark, of Humboldt County, Evan WiUiams, of Ormsby 
County ; J. R. Bradley, of Elko County, and Herman Springmeyer, of Douglas County. 
The said J. F. Clark, of Humboldt County, and Evan Williams of Ormsby County, to 
hold the position for the term of four years, or until the election of their successors, 
and the said J. R. Bradley, of Elko County, and Herman Springmeyer, of Douglas 
County, to hold the position for the term of two years, or until the election of 
their successors. The State of Nevada is hereby divided into seven internal im- 
provement and reclamation districts, of which Douglas, Ormsby, Esmeralda, Lyon, 
and Storey, shall constitute the first district, Washoe County, the second district, 
Churchill County, the third district, Humboldt County, the fourth district, Elko 
County, the fifth district, Lander, Eureka, and White Pine Counties, the sixth 
district, and Nye and Lincoln Counties the seventh district. At the general 
election in eighteen hundred and ninety, and at each general election thereafter, 
there shall l^ elected from the State at large two reclamation commissioners, 
one who shall serve for the term of two years, and one foe the term of four 
years, from and after the first Monday in January next succeeding such election. 
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The office of said board shall be iti the State capitol building, at the seat of govern- 
ment. The board shall adopt roles and regnlations for the transaction of its business. 

Sec. 2. The board of reclamation shall invitCy receive, and procure information 
and statistics in regard to all public lauds within this State, and the waters running 
therein, which are or may become possible of reclamation, by means of conducting 
upon them the unappropriated waters running through natural or artificial channels ' 
within this State, and shall report the same, together with an approximate estimate 
of costs and result of such proposed reclamation, at each biennial session of the legis- 
latnre. 

Sec. 3. The board of reclamation shall also invite, receive, procure, and publish 
facts and statistics regarding the natural water-courses of this State and several dis- 
tricts, including source, supply, water-power, and other matters relating to the value 
of said waters, or the most practical methods of utilizing the same, either for milling, 
mining, manufacturing, or agricultural purposes, in order that said information may 
be offered for the attraction of dormant capital and the encouragement of individual 
enterprise. 

Sec. 4. It shall be the duty of the surveyor-general, ex officio^ to furnish the board 
of reclamation, within a reasonable time, maps, profiles, and estimates to determine 
the cheapest and most economical and valuable routes for canals, reservoirs, and 
other improvements for iiTigation and milling purposes ; and also to furnish maps, 
plans, and estimates for the purpose of building reservoirs, dams, etc., connected witn 
the storing and preserving of waste water. 

Sec. 5. The board of reclamation shall have the power to divide the State into dis- 
tricts, and to appoint a superintendent for each reclamittion district within the State, 
which they may establish and refine, whose duty it shall be to superintend the build- 
ing, constructing, and maintenance of the canals, dams, and other like wotks within 
his district as so defined. 

Sec. 6. The work of building and constructing any and all canals, dams, and other 
improvements shall be done by contract, if done by private parties the coqtracts to 
be let to the lowest responsible bidder. The work done by contract shall be let in 
lots of one or more sections, said sections not being more than one 'mile in length, as 
indicated by the maps, profiles, plans, and specifications prepared by the surveyor- 
general and adopted bv said board. 

Sec. 7. The board of reclamation commissioners, of the State are hereby authorized 
and directed to employ a competent civil engineer to ascertain and report the number 
of irrigating ditches in each reclamation district, the capacity of the same in inches, 
and amount heretofmre appropriated and used through said cutches. 

Sec. 8. Any irrigating ditch now constructed and hereafter carrying more water 
than reported by said civil engineer, the owner or owners thereof of said ditch shall 
pay to the reclamation fund of the State, for such additional water, such sums or 
rat-es as the board of reclamation commissioners shall designate ; which sum so paid 
shall constitute a part of* the reclamation fund, and shall be available for demands 
against said fund. 

Sec. 9. Whenever the board of reclamation commissioners deem the reorganization 
or division of any district advisable for internal improvements contemplated by this 
act, they shall have power to make such changes and establish such additional rules 
for the government thereof as will not conflict with prior lights as now recognized 
by law. 

Sec. 10. The board shall have power to purchase or rent such lands for reservoirs, 
sites, or ditches, as they may deem best, whether within or without the boundaries 
of this State. 

Sec. 11. The board of reclamation commissioners, on petition of ten or more 'x>er- 
Bons interested in irrigation ditches in any district in this State petitioning for the 
issuance of bonds of said district for reclamation purposes, said board shall, at the 
next general election, submit the question, together with amount of bonds to be is- 
sued, to the voters of said district; and, if carried at said election, the said board 
shall issue and dispose of said bonds under such rules and regulations as they may 
adopt, the proceeds thereof to be placed in the reclamation fund of the district, and 
made available for reclamation purposes. 

Sec. 12. The board shall advertise for and receive bids upon the work to be done 
as soon as the surveyor-general can have surveys, maps, plans, specifications, and 
estimates of the same in readiness for adoption by the board and inspection by bid- 
ders, and shall fix a time when they will open bids and award contracts, which shall 
not be done on less than four weeks' notice thereof, which said notice shall be given 
for said time by publication in one newspaper in the reclamation district where the 
work is to be done, or by posting notices. 

Sec. 13. The terms of contracting may be to pay monthly, as the work progressed, 
on the estimate of the surveyor-general or engineer of tne amount of work don^^ 
seventy per centum of its contract value, reserving to the dis<7ict or State thirty per 
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e^stiitn of the ralae thereof to iBflnre Hs fbithfbl completion aooordiog to eontovet, 
when fkill payment shall be made, iDclnding the retained per oentom. 

8sc« 14. The board shall fix a deSnite day for the final completion of any canal, 
dam, or other improvement, and require all contracts to be done and completed on o^ 
before that day, and shall in any agreement reserve the riffht of forfeiture to the 
State or district of any retained per centnm, »nd to award the contract of any per- 
son or persons who, in the opini<m of the sarveyor-general, confirmed by the board, 
fkils to make snoh monthly progress as will insure the completion of any such w<N:k 
so undertaken or coutracted for on the day named. 

8bo. 15. The board of reclamation shall, upon organisation as hemtn proridad, be 
authorized, empowered, and directed to construct a canal, ditch, or other proper work 
at) from, or upon the most desirable and practical point on any river or water-way in 
the State, or that can be procured — the said point to be hereafter selected by said 
board — to connect with, and to be connected with, for the purpose of milling or irri- 
gating the arable lauds situate, lying, and being in the accessible vicinity of such 
selected river or water-way ; and the said canal, ditch, or other work shall be built 
or established upon a grade or plan in accordance with the configuration and neces- 
sities of the shortest- and most feasible route and safe carriage of Xh» requisite volume 
of water required to irrigate the lands within the scope of said ditch or work. 

Sec. 16. The total cost of said eanal, ditch, or work shall not exceed one hundred 
thousand dollars, and the cost thereof is hereby limited to that sum. 

Sec. 17. The board of reclamation shall audit and certify to the State board of 
examiners the several amounts that may become due from time to time for work and 
labor done, servfees or material fhmished in and about the location and building of 
eauals and other works of reclamation that may be carried on, built, and completed 
under th# board^ and when approved by the State board of examiners, the con- 
troller shall audit the same and draw his warrant upon the State treasurer for the 
several amounts of such claims, to be paid out of the reclamation fund of the State 
or district. 

SiBC. 16. The elective members of the board shall be paid their necessary traveling 
expenses, and they shall receive no other compensation for their personal services. 

one. 19. It shall be unlawful for any State officer, or any member of the board of 
reclamation, to be interested, directly or indirectly, or to take or have any interest 
or profit, in any manner, in any work of constructing any canal or other improve- 
ment for reclamation under this act, and upon eonvietion shall be fined in any sum 
not less than one thousand dollars nor more than ten thousand dollars, or imiNrison- 
ment in the State prison not less than one year nor more than five years, or hoik such 
fine and imprisonment. 

Ssc. 20. The annual rent for water within the scope of any canal, ditch, or work 
created and built by the board of reclamation shall be one dollar per acre per year. 
Said rental of water shall be held as a lien against said lands. 

Src. 21. The annual rent of water shM be collected in the same manner and by the 
same officers as taxes are now collected, and paid into the State or district treasury 
without foe or abatement and accounted for as the water rent, and placed to the 
creditof the reclamation and internal improvement fund; and it is hereby enacted 
that all lands sold by the State under the provisions of this act shall be snppUed 
with the necessary water for reclamation whenever in the judgment of the board it 
is practicable to do so, and the right of way for the secondary ditches is hereby re- 
served by the State, and shall be reserved and excepted by the surveyor-general and 
State land register, from every patent issued by the State, to take up, convey, and 
deliver all waste water over and across any lands sold and conveyed by the State to 
any person or persons. 

Src. 22. One hundred thousand dollars is hereby appropriated for the construction 
and building of any canal, ditch, dam, or other worx or works mentioned in this 
aet, and in no case shall a contract or contracts be entered into that shall in the ag- 
gregate exceed the sum of one hundred thousand dollars for the construction and 
building of said canal or work. 

Skc. 23. The money herein appropriated shall be taken from the State school fond 
and placed to the credit of the reclamation fund, herein credited, and in its place 
shall be deposited one hundred bonds of one thousand dollars each, bearing interest 
at the rate of four per cent, per annum. Said bonds shall run for twenty years, but 
shall be redeemable by the State at its pleasure after two years. Said bonds 
shall be signed by the governor and State controUer, and countersigned by 
the State treasurer, and authenticated with the great seal of the State, and shall state 
in substance that the State of Nevada owes to its school fund one thousand dollare, 
the interest on which sum, at four per cent. x>er annum, it agrees to pay until said 
'bond is redeemed for the benefit of the common schools of the State. Said bonds shall 
be lithographed, as is usual in such cases, and deposited with the treasurer of the 
State. The interest on said bonds shall be paid semi-annually, on the first day of 
.Ian nary and July, on the written order of the State board of education to the State 
controUer^ directing him to ir^^ Ms warrant for the amount of eucb semij^nnual in* 
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terest on the reolamatioD interest and sinking fund herein created. All snms deriyed 
from the interest on said bends fthall go into the general sehool fund for the support 
of the common schools of the State, and for the regular and prompt payment of 

•^hieb itfie f aiili and credit of the State is hereby pkdged. 

Sec. 24. There shall be levied and collected for the fiscal year commencing Jani^- 
af7finty^A.D. eighteen hundred and ninety-one, and annually thereafter, an a^ 
valovem tax of two cents on each one hnndred dollars of all the taxable property in 
^h» State*. and «11 sums derived from this tax shall go into the ceclaotation interest 

"^Nid sinking fund for the payment of the interest and redemption of bonds herein an- 
tlMirised by thiaaet. 

^tac. . 95. The reclamation fund is hereby made a permanent fund, into which aU 
revenne arising from the last-mentioned section, and from the water rent aforesaid. 

* in «ecli«n fifteen, and from any other source provided by law, shall be paid and shail 
be devoted as fellows : First, to the payment of interest.on bonds ; second, to the re- 

•dewption of the principal sum of the bonds at or before maturity ; third, to the ree- 
kmation of new districts that may be hereafter created ; fourth, to be transferred to 
the general fund of the State. 
Apptwed'MaHDh 3, 1889. 

ARTBBIAN WELLS. 

^BonoH 1. Section one of said act is hereby amended so as to fead as follows : 
Seeiiini'one.' Every peraoDj firm^ company, corporation, or association, that shall, 
after the passage of this act, commence the sinking of artesian wells, for stock or 

- ngi4enltfiral pncpeees, shall be entitled for sinkingsneh artesian well, where flowing 
•mwAmw is Obtainedi the Ibllowing specified sums : For the first two hnndred feet^ one 
*ddll«r and tw«ity^five cents per foot ; for the third one hundred feet, one dollar and 
•fifty «ent8 per ftH>t ; for the fourth one hnndred feet, two dollars per foot ; for the fifth 
eae iiundred feet, two dollars and twenty-five cents per foot ; for the sixth one hun- 

^imA4»etf two dollars- and fifkv cents per foot; for the seventh one hundred feet, three 
-tIellMe per •feet ; fei^ the eighth one hundred iieet, three dollars and fifty cents per foot ; 
for the ninth one hundred feet, four dollars per foot ; for the tenth one hnndred feet, 

-'foor^lbllwnattd fifty eents per foot; for all deptha exceeding one thousand feet, five 
dcAlars per foot for each and every foot below the said one thoosaud feet. And atl 

'■AddHtloBal bounty of ene thousand dollars for every well sunk to the depth of one 

^ tboneand feet or more: iVevMfd, That snob well shall fnmish twenty thousand gal- 
-kPBB t»f waiter eaidi twenty«fonr hours, flowing conttnuoud^ for thirty days, said sums 
to be-p»id in the manner provided for in sections four and' five of this act : PretHUi#(t, 
lliat no bounty shall be paid on any well which does not fnmish seven thousand gal- 

-4oBe'«f wnterineaeh tweaty-fonr hours, flowing continuously for thirty days : Awi 
pr&rided /urtheTf That no two wells shall receive a bounty if located within theeame 
eonnty. Whwe two or more wells within the prescribed limit apply for a bounty, 

^ti i » w e i t whi«^ fii»t Ibmished the amount of water required by this act shall be en- 

' titied "to the honntv allowed by this act. 
■^mo, 9. Seetien M of said act is hereby amended so as to read as follows : 
Section six. The sum of ten thousand dollars is hereby appropriated out of anv 
money in the general fund of this State for the payment of bounties herein provided 
for. 

OREGON IRRIGATION LAWS. 

Sec. 4057. A ri^ht of 'way over any State lands belonging to the State of Oregon, 
Bchobl or University lands, tide or swamp, and overflowed lands, is hereby granted to 
any railroad corporation who may construct railroad over sncn lands, on each side 
of said road to the width of fifty feet. 

Sec. 4058. A right of way for the construction of a water-ditch to be used for irri- 
gation, mannfacturing, or mining purposes, ditches or water-pipes for conveying 
water to cities and towns for domestic purposes or for the extingninhment of fires, is 
hereby-granted to any individuals or corporations who may construct such water- 
^ditches or^ater-pipes over any of the State lands belonging f o the State of Oregon — 
tfcde^ swamp, and overflowed lands, and school lands-^^lor a distance on each side of 
aafd ditches or water-pipes of twenty-five feet. 

Sec. 4059. It shall be the duty of said railroad corporation or water company or 
indirldnals constructing said railroads, water-ditches, or water-pipes to file a copy 
of the fi^ld-nbtes of the survey of such railroads, ditehes, or water-pipes with the eep- 
retary of ttate of the State of Oregon, showing the location of said railroad, water- 
ditlsb, or water-pipe. 

Sec. 4060. AJf patents hereafter granted by the State of Oregon for any of the olifls 
of landtf heretofore mentionM bhalf be made subject to any vested rights of the own- 
' eta^no^h raiiroads, water-ditches or wat^vpipes as may have been acquired nod^r 
the preo«4iiig seotiona* r^ T 
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NEW MEXICO IRRIGATION LAWS. 
The treaty of peace between the United States and Mexico in 1848 contailis the 



following provisions in Articles VIII and IX: 
" Art. VII 



'III. Mexicans now establislied in territories previonsly belonging to'Mex- 
icoy and which remain for the future within the Ihnits of the United States as defined 
by the present treaty, shall be free to continue where they now reside, or to remove At 
any time to the Mexican Republic, retaining the property which th^y possess in the 
said teiTitories, or disposing thereof and removing the proceeds wherever they 
]>lea8e, without being subjected on this acconnt to any contribution, tax, or charge 
whatever. 

"Those who shall prefer to remain in the said territories may either retain the title 
and fights ot Mexican citizens, or acquire those of citizens of the United States; Imt 
they shall be under the obligations to make their eliection within one year from the 
date of the exchange of ratifications of this treaty, and those who shall remain in the 
said territories after the expiration of that year without having declared their in- 
tentions to retain the character of Mexicans shall be considered to have elected to 
become citizens of the United States. In the said territories property of every kind 
now belooging to Mexicans not established there shall be inviolably respected. The 
present owners, the heirs of these, and all Mexicans who may hereafter acquire said 
property by contract shall enjoy with respect to it guarantees eqnaUy ample i^ if 
the same belonged to citizens oi the United States. 

*' Art. IX. Mexicans who in the territories aforesaid shall not preserve the charac- 
ter of citizens of the Mexican Republic conformably with what is stipulated in the 
preceding article shall be incorporated into the union of the United States and be 
admitted at the proper time (to be judged of by the Congress of the United States) 
to the enjoyment of all the rights of citizens ef the United States according ;to.the 
principles of the Constitution, and in the mean time shall be maintained and prp- 
teeted in the free enjoyment of their liberty and property, and secured in the free 
exercise of their religion, without restriction.'' 

The Gadsden treaty between the United States and Mexico in 1853 contains the fol- 
lowing provisions in Article V : 

"All the provisions of the eighth and ninth, sixteenth and seventeenth articles of 
the treaty of Guadalupe Hidalgo shall apply to the territory ceded by the Mexican 
Republic in the first article of the present treaty, and to all the rights of persons and 
property, both civil and ecclesiastical, within the same, as fully and as effectually as 
if the said articles were herein again recited and set forth." 

The Kearney code of laws, 184t>, contains in section 1 the following provisions rela- 
tive to water-courses, stock-marks, etc. : 

** The laws heretofore in force concerning water-conrses, stock-marks and brands, 
horses, inclosures, commons, and arbitration shall continue in force, except so much 
of said laws as require the ayuntamientos of the different villages to regulate these 
subjects. The duties and powers of such ayuntamientos are transferred to and en- 
joined upon alcaldes and prefects of the several countries.'' 

IRRIGATION LAWS. 

Section 1. No inhabitant shall have the right to construct any building to the 
impediment of the' irrigation of lands or fields, such as mills or any other property, 
that may obstruct the course of the water, as the irrigation of the fields should be 
paramount to all other uses of the water. 

Sec. 2. All by-paths or foot-paths are prohibited across the fields under penalty of 
fine or imprisonment. 

Sec. 3. It being impracticable or absolutely impossible for the fields to be fenced 
in, all animals shall be kept under a shepherd, so that no injury may result to the 
fields, and in case any damage should result it shall be paid by the persons causing it. 

Skc. 4. In case a community of people desire to construct a ditch or acequia, and 
the constructors are the owners of all the land upon which the ditch or acequia is 
constructed, no one shall be bound to pay for the land, as all persons interested in 
the construction are to be benefited by it. 

Sec. 5. The course of ditches or acequias. already established shall not be disturbed. 

Sec. 6. All rivers and streams of water heretofore known as public ditches or ace- 
quias are hereby established and declared to be public ditches or acequias. 

Sec. 7. From and after th% publication of this act it shall be the duty of this several 
justices of thb peace to call together in their respective precincts, whenever it may 
be deemed convenient, all the owners of ditches or acequias, as well as the proprie- 
tors of lands irrigated by any public ditch or acequia, for the purpose of electing one 
or more overseers for the ditches or acequias for the same year. 
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Skc. 8. All fines and forfeitures recovered for the use and benefit of any public ditcb 
or aoeqnia shall be applied by the overseer to the improvements, excavation and to 
bridges for the same, wherever it is crossed by any public road and bridges may be 
necessary. 

Sec. 9. In all oases of conviction under this act an appeal may be granted to the 
district court, which appeal shall be taken and conducted as all other appeals from 
the decisions of justices of the peace. 

Sec. 10. The regulations of ditches or acequias which have been worked shall re- 
main as they were made, and have remained up to this day. 

Sec. 11. All plants of any description growing on the banks of the ditches or ace- 
quias shall belong to the owners of the land through which the ditches or acequias 
ran. 

Sec. 12. If any person or persons intentionally make lagoons of water, whether on 
their own or other land, after the gathering of the crops, from which lagoons dam- 
age results to houses, common or private grounds or public roads, the person so offend- 
ing shall, on conviction, be fined m any sum not less than five nor more than ten dol- 
lars. 

Sec. 13. Any person convicted of having committed injuries heretofore mentioned 
shall pay to the party injured the damages assessed by three persons appointed for 
that purpose bv the justice. 

Sec. 14. All fines arising from the provisions of this act shall be applied to the re- 
pairs herein mentioned, and in case of not being so expended, they shall go into the 
treasury of the county wherein they were collected. 

Sec. 15. All acequias, public or private, when completed, shall be the property of 
the persons who may have completed them, and no person or persons who may desire 
the use of the waters of them shall be allowed to do so without the consent of a ma- 
jority of the owners, and upon payment of a share proportionate to the primary cost 
of the acequia or ditch to the amouut of the land proposed to be irrigated, or the 
quantity of water proposed to be used: Pravidedy That the provisions of this section 
shall not appiy to any acequias or ditches, public or private, that may pass from the 
limit'S-of any one county to within the Hues of any other. 

Sec. 16. 'Where any acequia or ditch, public or private, passes from within the 
limits of any one county to within the lines of any other, such acequia or ditch within 
the proper precincts of the respective counties shall be under the exclusive control 
and management of the officers of such precincts and counties. 

Sec. 17. All the inhabitants shall have the right to construct either private or com- 
mon acequias, and to take the water for them from wherever they cau, with the dis- 
tinct understanding to pay the owner through whose lands the acequias have to pass 
a just compensation for the land used. 

Sec. 18. If the owner or owners of lands where a new ditch for an acequia is to be 
made should ask an exorbitant price as a compensation, which shall not be satisfac- 
tory to the owner or owners of tne acequia, the probate judge of the county shall 
appoint three honest, skillful men to make an appraisement and fix the compensa- 
tion, which once done shall be executed and without appeal. 

Sec. 19. When any public ditch or part thereof shall be destroyed by rain, or in any 
other manner, and it shall be absolutely impossible to reconstruct it where it ran be- 
fore it was destroyed, the major-domo of the ditch, with the consent, should they 
deem it necessary, of a majority of those having a common interest therein, may cut 
through the lands of any person or persons by first obtaining their consent, the com- 
munity interested in the cfitch offering to pay a compensation to be agreed upon be- 
tween them and the owner or owners of the lands through which the ditch is to be 
opened. 

Sec. 20. If the owner or owners who shall be solicited to permit the opening of a 
new ditch through their lands should refuse or decline to accept the compensation 
offered, or should ask a compensation which the interested parties consider exorbi- 
tant, the major-domo shall lay the case before the justice of the peace of the precinct, 
and he shall appoint three men, experts, to establish a just compensatiou to bo paid 
to the owner or owners through whose lands the ditch is to pass. 

Sec. 21. Whenever three experts shall be appointed as appraisers, they shall file in 
the officeof the justice of the peace an oath impartially to discharge their duties, and 
shall proceed to the place where the land or lands are situated, and before apprais- 
ing shall ascertain whether or not the ditch is destroyed, and whether the labor or 
cost required to rebaild it would be so great as to render its reconstruction impossi- 
ble ; and if they think the injury done may be repaired they will so report to the 
justice of the peace, and the land solicited for the purpose of opening the new ditch 
shall in no manner be touched ; but if they should think a part of the ditch irrep- 
arably destroyed, they shall then examine the land or lands over which the new 
ditch should be opened and the place where it should properly run. 

Sec. 22. Whenever any land or lands of any person or persons are appraised the 
Mpraisers shall file a report in the office of the jn^ti^e pf tbQ pe^CQ wbo ^ppoji^ted 
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theiD, giving the oame of the person whose land was appraised and the snm to be 
paid him by the parties interested in the public ditch for which the ri^ht of way- 
through the land is solicited ; they shall also state, in the most distinct manner, tbo 
place and point where the opening for the ditch is to be made, and the direction which 
the ditch is to take through such land. 

Sec. 23. The parties interested shall possess the right of property in the land or 
lands assigned to them, and in case of legal resistance being made they may in an 
action of forcible entry and detainer, as provided by law, compel the person or"per- 
sons who interpose such resistance to desist therefrom ; but the parties interested 
shall first pay the appraised value of the land or lauds : Frovided, That the appraisers 
shall be impartial persons. 

Sec. 24. In each precinct where public necessity requires it an election shall, on 
the third Monday of February, 1880, be held, as hereinafter provided, for directors of 
such of the acequias as irrigate different places. 

Sec. 25. The manner of conducting the election, and the number of overseers, shall 
be regulated by the justice of the peace, and the only persons entitled to vote at the 
elections shall be the owners or renters of lands irrigated by the ditches or acequias. 

Sec. 26. The overseers shall superintend the repairs and excavatious on the ditches 
or acequias ; apportion the number of laborers furnished by the proprietors ; regulate 
them according to the quantity of land to be irrigated by each one ; distribute and 
apportion the water in the proportion to which each one is entitled according to the 
laud cultivated by him, taking into consideration the nature of the seed, crops, and 
plants cultivated. 

Sec. 27. If any overseer of any public ditch or acequia shall willfully neglect or 
refuse to fulfill his duties, or couduct himself with impropriety or injustice, or take 
any bribe in money, property, or otherwise, he shall be fined for each of such ofit-nses 
in a sum not exceeding $90, to be recovered before any justice of the peace in the 
county, one-half the sum to be paid to the county and the other half to the person 
bringing suit; and on a second conviction may be removed from his office on petition 
of two-thirds of the proprietors of the land irrigatetl. 

Sec. 28. In all cases of removal the justice of the peace 'shall order a new election 
to fill the vacancy occasioned by it. 

Sec. 21). The pay and other perquisites of the overseers shall be determined by a 
majority of the owners of the land irrigated by the ditch or acequia. 

Sec. 30. lu acequias of extended irrigation, and where the lands which they irri- 
gate are unequal, and some persons have at once several sections and parts in other 
sections, there shall be elected a chief major-domo, au assistant major-domo, and 
three acequia commissioners. The duties of the commissioners shall bo to regulate 
the number of laborers for the respective acequias for which they have been elected, 
that shall be furnished by each owner or tenant of irrigable lauds to be irrigated. 
Should it be necessary, or should any three i>er8ous, owners, or tenants require it, 
the commissioners shall measure the lands in order to better apportion the number 
of laborers that each owner or tenant shall supply for the cleaniug up of the acequias, 
aud for any subsequent work which public necessity may demand during the year, 
the care of which is charged to the inajor-doraos and assistant major-domos, the chief 
major-domo being always the superior officer; and he, with his assistant, shall take 
care that the acequias shall be kept running in all their vigor from the time the 
water is first let in after cleaning until the crops no longer require it. 

Sec. 'M. Whenever a list has been made by the acequia commissioners, as provided 
in tlio foregoing section, at any of the acequias, or by any major-domo and his assist- 
ant, where commissioners are not elected, another list shall be made and delivered to 
the justice of the peace, who shall record it for the reference of all interested parties 
and in order that the work may be so ordered. 

Sec. 32. The chief majors-domo of all the acequias shall be the receivers and 
disbursors of all the fines resulting from their respective acequias, and on the tenth 
of October in each year they shall give an account to the justices of the peace of 
their precincts of the fines received and the manner in which they have disbursetl 
any part of them. 

Sec. 33. Should the commissioners be charged with the duty of measuring the 
lands, they shall be paid at the rate of two dollars per diem during the time they 
may be so occupied, which sum shall be paid from the respective funds belonging to 
the acequias. 

Sec. 34. In the elections every owner or tenant of irrigable lands irrigated by any 
of the acequias shall be entitled to vote and be voted for. The persons receiving the 
greatest number of votes shall be declared elected to their respective offices, and 
shall receive a certificate of the same from their respective justices of the peace. All 
such elections shall be held from and after the year eighteen hundred and eighty-one, 
on the first Monday of January in each year. 

Sec. 35. All persons interested in a common ditch or acequia, be they owuere or 
lessees^ shfvU labor thereon in proportion to their land, ^ i 
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Sec. :(6. All owners of tillablo lands shall labor on pablic ditches or aceqaias, 
whether tboy cultivate the land or not. 

Bkc. 37. Each proprietor shall famish the number of laborers ceqaired by the over- 
seer, xt the time and place he may designate and for the time he may deem necessary. 

Sec. 38. If a proprietor of land irrigated by any such ditch or aceqnia shall ne« 
gleet or refuse to furnish the naml>er of laborers required by the overseer after hav- 
ing been legally notified^ he shall be frned for each offense in a sum not exceeding- 
ten dollars Tot the benefit of the ditch or acequia, and the overseer shall be a compe- 
tent witness to prove the offense. ' 

Skc. 39. If any person shall in any manner obstruct, interfere with, or disturb 
any of the ditches or acequias, or use the water therefrom without the consent of the 
overseer during the time of cultivation, he shall pay for each offense a sum not ex- 
ceeding ten dollars and alt damages that may have accrued to the injured parties, 
and if the person or persons are unable to pay the line and damages they shall be 
sentenced to fifteen days' labor on public works. 

Sec. 40. All overseers of ditches shall see that the water currents run so that no 
injury may result to the proprietors of lands or tenements or to the pablic conven- 
ience ; and in case danger is anywhere threatened by the ditches, either from in- 
crease of water or by inundation, from which damage might result, the overseers 
are required, if the damage might result to but one precinct, to report the danger 
to the justice of the peace, and if to two or more, to the probate judge of the county. 

Skc. 41. The probate judge, or the justice of the peace, shall appoint three suit- 
able persons to make an examination, and if they shall sustain the report made by 
the over:>eer the probate judge or the justice of the peace shall order all persons 
owning real estate within the limits considered in danger to meet together, and, un- 
der direction of the overseer or some other person appointed, set about tl^e preven- 
tion of damages by the construction of breakwaters, barriers, or any other work 
deemed advisable as a means of a averting the threatened injury: Provided, That 
the labor shall be performed in proportion to the property of each person interested 
in the same. 

Sec. 4^^. In all cases where it becomes necessary to take any of the steps mentioned, 
the person in charge shall direct the labor, notify the parties interested of the num- 
ber of laborers to be furnished and the part of the work assigned to such parties re- 
spectively, and informing them of the place where work shall commence and the day 
appointed for commencing it : Provided, That if after receiving the notice any person 
or [>ersous shall fail to comply, the person in charge may report to the judge or jus- 
tice by whom he was appointed who shall cause the delinquent to appear, and fine 
him in any sum not less than five dollars. 

Sec. 43. Every person being a tiller of irrigated lands, who shall have commenced 
the performance of his part in the common labor on any public aceqnia, is and shall 
be obligated to continue on that work until the completion of the cleansing of the 
acequia. 

Sec. 44. If any owners or lessees of lands shall attempt to abandon their co-laborers 
without complying with sections forty-five and forty -six, they shall each pay a fine of - 
not less than five dollars, nor more than ten dollars* 

Sec. 45. If any person having his fields on the upper portion of an acequia, having 
reached such fields, shall propose for any cause or causes, reason or pretext, to aban- 
don his co-laborers, or to withdraw his quota of laborers, he shall not be permitted 
so to do until the completion of the cleansing of the acequia: Provided, That touching 
the repairs and excavations to be made, the proper proportion of labor shall be fur- 
nished by the owners, and the majors-domo shall superintend the work as heretofore 
provided. If in any acequias already constructed there shall be included any dikes 
and dams which may have been destroyed, and the paL-ties interested in such dikes 
and dams shall have agreed or contracted to work on the acequia, they shall remain 
and fulfill their engagements. 

Skc. 46. As in the excavation of such acequias, and in the first cleansing of some of 
them, the work sometimes continues for thirty days, more or less, the different majors- 
domo shall take into consideration the small amount of land tilled by some, and shall 
not compel these to furnish as much labor as is required of those having larger inter- 
ests. 

Sec. 47. Every owner or tenant of irrigable lands, irrigated by any of the acequias, 
shall be compelled to hold at all times during the operations of any acequia to which 
they belong, the number of laborers to them assigned, at the disposal and order of 
the major-domo of such acequia, or his assistant, and it shall not be legal for any owner 
or tenant of irrigable lands, to absent himself for a time exceeding three days with- 
out informing the chief major-domo in regard to the persons remaining in his stead, 
and he shall present them, so that in his presence they may assume the responsibilities 
during the time of his absence. All the responsibilities of the absentees shall fall on 
1 lie substitutes, and no other persons shall be admitted as substitutes. And if any 
owner ojr teuftut of irri^ablQ lands sl^aU absent himself fron^ the precinct during thq 
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time the acequias are id operation, without complying with the dnty imposed upon 
him, he shall besides payiug the penalty fixed by the major-domo, be responsible for 
an amount equal to the value of the labor due at a just and common estimate per 
diem for the time he was absent and for the number of laborers that may have been 
assigned to him. Nor shall auy proprietor, on accouut of having rented his lands 
reserving a part for himself, be exempted from working on the acequia at any time 
of the work. 

Sbc. 48. This section relates to the penalties for failure to perform work due on an 
acequia, the disbursement of the sums collected a9 fines, etc. 

' Sec. 49. All currents and sources of water, such as springs, rivers, ditches flowing 
from natural sources, shall be and they are by this act declared free, in order that 
all persons traveling shall have the right to take water therefrom for their own use 
and that of the animals under their charge; but the word traveler shall not in any 
manner extend to persons who travel with a large number of animals; such persons 
shall not use the water of any spring belonging to any individual, without having 
first obtained the consent of the owner. And if any person in transit or traveling, 
at the time of using any of the water mentioned, shall cause any injury to the fields, 
to lands under crop, or to other property of auy person, he shall pay to the injured 
party all damages that may have been done: Provided^ further^ That this act shall in 
no manner apply to wells: Providedf further^ That this act shall not be applicable to 
ponds or reservoirs of water that persons may construct for their own proper use and 
benefit, and no person under pretext of title to the sources, springs, rivers, or ditches, 
shall have the right to embari*ass or hinder, or molest any transient person or traveler 
in or at the time of taking the water for his proper use and giving water to his 
animals. 

Sec. 50. Hereafter, if auy person or persons shall embarrass, hinder, and molest any 
person or persons at the time they may wish to take water for their animals, and 
shall claim or demand any compensation for the use of the same, the person or per- 
sons so offending shall be fined not liss than twenty-five dollars, nor more than hftv 
dollars, and shall be liable to pay all the damages caused to the person hindered. 

Sec. 51. Every person who shall foul the water of any stream, or throw into any 
ditch, river, or spring of flowing water auy dead or pestiferous animal or other filth, 
dirty vessels, or other impurities that mi^ht injure the general health of the inhabit- 
ants of any town or settlement, shall be fined not less than one dollar nor more than 
ten dollara. 

Sec. 52. The mtgor-domos of the ditches, and the commissioners of the same, shall 
prosecute all persons violating the provisions of this act. 

Sec. 53. All the salt lakes, with the salt which has accumulated or may accumulate 
on their shores, are and shall be free to the citizens; and each one shall have power 
to collect salt. on any occasion free from molestation or disturbance. If any person 
or persons shall prevent, or attempt to prevent, any other person or persons from 
gathering salt, or going for or returning with it, or if any persons shall arm or em- 
body themselves for auy or either of the above purposes, or shall molest, disturb hin- 
der, or annoy any person or persons while gathering salt, or going to or returning 
from auy salt lake, or shall interfere with the salt gathered, or the animals, carts, or 
wagons, or any other ccmvenience used in its carriage, shall be guilty of felony, and 
shall be punished by confinement in the county jailor Territorial prison not less than 
tfwo nor more than seven years, nor be fined not less than one thousand dollars. 

Sec. i:i05. The different communities or Pueblos of Indians residing within our 
settlements shall be subject to render their services in working the acequias and high- 
ways in which they have the common use of the water of said acequias with the im- 
mecliate citizens To their Pueblos, and enjoy at the same time the benefit and commer- 
cial traffic : Frovidedy That in such service they shall be entirely subject to the laws 
now in force on both branches of roads and acequias. 

In addition to the foregoing there prevails among the Pueblo Indians of New Mex- 
ico the custom of annually electing a major-domo by all interested. He has control 
over the distribution of the water and calls out the help required for repairs, etc., 
much in the same manner as practiced among the Mexicalis. 

TEXAS IRRIGATION LAW. 

CHAP. 88. — [S. ri. B. No. 298.] An net to encourage irrigation, and to provide for the acquisition of 
the right to the nne of water, and for the conHtrnction and maintenance of canals, ditches, flumes, 
fesorvoirs, and wells for irrigation, and for mining, milling, and stockraising in the arid districts 
pf Texas. 

Section 1. That the unappropriated waters of every river or natural stream within 
the arid portions of the State of Texas, in which, by reason of the insnffloient rain- 
fall, irrigation is necessary for agricultural purposes, may he,diverted from its natural 
channel for irrigation, domestic, and other beneficial uses : Providedf That said water 
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sory right or title to any land lying along the bank or margin of any river or natural 
stream of the use of the water thereof for his own domestic use. 

Sec. 2. Thai the unappropriated waters of every river or natural stream within the 
arid portions of the State, as described in the preceding section of this act, are hereby 
declared to be the property of the public^ and may be acquired by appropriation for 
the uses and purposes as hereinafter provided. 

Sec. 3. The appropriation must be for the purpose named in this act, and when 
the appropriator, or his successor in interest, ceases to use it for such purposes the 
right ceases. 

Sec. 4. As between appropriatcrs, the one first in time is the one first in right to 
such quantity of the water only as is reasonably sufficient and necessary to irrigate the 
land susceptible of irrigation on either side of ditch or canal. 

Sec. 5. Every person, corporation, or association ofpersons which have constructed 
or may hereafter construct any ditch, canal, or reservoir, for the purposes named in 
this act, and taking water from any natural stream, shall, within ninety days aff^r 
this act goes into eneot, or within ninety days after the commencement of such con- 
struction, file and cause to be recorded in the office of the county clerk of the county* 
where the head gate of such ditch or canal may be situated, or to which said couuty 
may be attached for judicial purposes, in a well-bound book to be kei)t by said clerk 
for that purpose, a sworn statement in writing, showing the name of such ditch or 
caual, the point at which the head gate thereof is situated, the size of the ditch or 
canal in width and depth, and the carrying capacity thereof in cubic feet per second of 
time, the name of said stream from which said water is taken, the time when the work 
was commenced, and the name of the owners or owner thereof, together with a map 
showing the route of said ditch or canal. 

Sec. 6. Within ninety days next after the filing of said statement, the party clai th- 
ing the right l-o appropriate the water shall begin the actual construction of the pro- 
pc«ed ditch, can«l, or reservoir, and shall prosecute the work thereon diligently and 
continuoasly to completion. 

Sec. 7. " Completion," as used in the preceding section, is hereby defined to be the 
couducting of the water in the main canal to the place of intended use. 

Sec. 8. By compliance with the preceding provisions of this act the claimant's 
right to the use of the water relates back to the time when the work of excavation 
or construction was commenced on said proposed ditch, canal, or resi'.rvoir : Provided, 
That a failure to file said statement shall in no wise work a forfeiture of such hereto- 
fore acquired rights, nor prevent such claimants of such heretofore acquired rights 
from establishing such rights in the courts. 

Sec. 9. When any person, corporation, or association of persons, by compliance 
^ith the preceding provisions of this act, shall become entitled to the use of the 
waters in any river or stream, it shall thereafter be unlawful for any other person, 
corporation, or association of persons, except for domestic use by any one entitUMi 
thereto, to so divert the flow of water in said river or stream in such manner and to 
the extent of depriving said person, corporation, or association ofpersons in priority 
of the use of the water to which they may be so entitled. 

Sec. 10. Corporations may be formed and chartered nnder the provisions of this act 
and of the general incorporation laws of the State of Texas, for the purpose of con- 
structing, maintaining, and operating canals, ditches, flumes, feeders, laterals, reser- 
voirs, and wells, and of conducting, transferring, and furnishing water to all persons 
entitled to the same, for irrigation and domestic uses, and for the purpose of building 
storage reservoirs for the collection and storage of water for the uses before men- 
tioned, and for mining, milling, and stock-raising. All persons who own or hold a 
possessory right or title to land adjoining or contiguous to any canal, ditch, flume, 
or lateral, constructed and maintained under the provisions of this act, and who shall 
have secured a right to the use of water in said canal, ditch, flume, or lateral, shall 
be entitled to be supplied from such canal, dit( h, flume, or lateral with water for 
irrigation of such land and domestic uses: Providedy The party so entitled shall first 
make available his siiitl land for agricultural or grazing purposes, and shall provide 
cisterns, wells, or storage reservoirs for water for domestic purposes. 

Sec. 11. All corporations and associations formed for the purposes of irrigation as 
provided in this act, are hereby granted the right of way, not to exceed one hundred 
feet in width, over all public, university, school, and asylum lands of the State, with 
the use of the rock, gravel, and timber on the right of way, for construction pur- 
poses, and may obtain the right of way over private lands by contract. Any such 
corporation may also obtain the right of way over private lands by condemnation by 
causing the damages for any private property appropriated by such corporations or 
associations to be assessed and paid for as provided in cases of railroads. 

Sec. 12. All surplus water not used or disposed of, as provided for in the preced- 
ing sections of this act, shall be conducted back to the stream from which it was 
taken. And all water sold or disposed of may be measured in inches, feet, or frac- 
tional portion of the whole supply, or distributed by the hour or acre system. But 
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any person, corporation, or association of persons bIxAU farnisli water in tne way and 
manner named in the contract or certificate iH«neil to the purchasers of said water, so 
long as water remains nnsold in the ditch : Frovidedy That the commissioner of agri- 
cnltare, iusurance, statistics, and history shall make a report to the legislature at its 
next regular sessiou, and at each regular session thereafter, as to the cost and expense 
attending the ooustr:ictiou and maintenance of canals, ditches, flumes, feeders, and 
wells for irrigation in various parts of the State, and accompany the tome with a 
statement of the charges made for the uses of water by canal, ditch, and well cora- 

1>anies, and the legislature shall, at such times as it deems proper, either by direct 
egislation or by the creation of a commissioner or water inspector or Inspectors, with 
full delegatea power, control and regnlate the quantity of water which may be di- 
verted by any crater company or individnal, when and in the manner in which it 
may be diverted, and may establish and enforce all such reasonable rules and regular 
tions necessary and proper governing and controlling such corporations and water 
constrnction companies and persons operating under the provisions of this act, and 
may also control, regnlate, change, and fix the charges for the use of water made by 
such ditch, canal, and well companies. 

Sec. 13. All said persons, corporations, and associations shall have the right to 
run along or across all roads and highways necessary in the construction of their 
work, and shall at all. such crossings construct and maintain necessary bridges for 
the accommodation of the public, and shall not aftect or impair the usefulness or 
condition of said road -or highway. 

Sec. 14. Any person who shall willfully or through gross negligence injure any irri- 
gating canal or its appurtenances, wells, or reservoirs, or who shall waste the water 
thereof, or shall take tiie water therefrom withont authority shall be deemed guilty 
of a misdemeanor, and for each offense shall be liable to a fine not exceeding five 
bundred dollars. 

Sbc. 15. Any corporation created and organized under the provisions of the gen- 
eral laws of this State or the provisions of this act for the purpose of irrigation shall 
have the power to acquire lands by voluntary donation or purchase or in payment of 
stock or water rights, and to hold and dispose of all such lands and other property, 
and to borrow money for the construction, maintenance, and operation of its canals, 
ditches, fiumes, feeders, reservoirs, and wells, and may issue bonds and mortgage its 
coq)orate property and franchises to secure tne payment of any debt contracted for 
the same : Provided, All lands acquired by said corporation, except snch as are used 
for the construction, maintenance, and operation of said canals, ditches, laterals, 
feeders, reservoirs, and wells shall be alienated within twenty years from the date of 
acquiring said lands or be subject to judicial forfeiture. 

Sec. 16. All laws and parts of laws in conflict with the provisions of this act are 
hereby repealed. 

Skc. 17. Whereas it is necessary that irrigating canals should be built at once to 
afford water for irrigational purposes for the present year ; therefore an emergency 
exists, and an imperative pnolic necessity demands the suspension of the constitu- 
tional rule which requires a bill to be read on three several days, and that this act 
take effect and be in force from and after its passage. 

CHAPTER REGULATING THE MODE OF IRRIGATION. 

Art. 2982. The commissioners' court are authorized to order, regulate, and control 
the time, mode, and manner of erecting, repairing, cleaning, guarding, and protecting 
the dams, ditches, roads, and bridges belonging to any irrigation farms and property 
and the fences or other like protection in and around such farms : Provided^ That such 
farms, dams, ditches, and fences be owned conjointly by two or more different per- 
sons: And provided further, That the same be situated outside of a corporation hav- 
ing jurisdiction thereof. 

Akt. 2983. Said courts shall have power to establish all needful police regulations 
for the government and control of irrigation farms and property, and said courts 
ii'ay assess and collect fines for breaches of any regulations established by them or by 
the joint owners of such farms and property, or recognized by said court as consistent 
with ancient usage and the law of the State; said courts may order meetings of joint 
owners for the election of commissioners and other officers, and for the consideration 
of any of their other interests, or the said court may proceed and elect said officers, 
and may regulate the right of way, the stoppage and passage of the water, and the 
right distribution of the shares of said water; they may forbid the running of stock 
at large on the common farm ; they may fine for taking water out of turn and for 
carelessness and wantonness in overflowing roads and neighboring lands, and gen- 
erally they may do or cause to be done what they consider just and needful or bene- 
ficial to I he jointowners. 

Art. 2984. If any owner of a merte or subdivision lot in said farm shall fail or refnee 
to do or pay his proportion of labor and expense in and on any dam, ditches, fences, 
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bridges, or other needful appurtenances to such irrigation farms, the compiissioners' 
court may lease said siierte : Provided, That such leasing shall he at public outcry, 
after ten or more days of due public notice ; and to the person bidding the shortest 
term, not to exceed four years, wbo shall give good security to discharge faithfully all 
such charge and work. 

Akt. 2985. Upon the application of the owners of any suitable lands and water and 
the assurance and the proper security given the county, if required by said court, that 
no injury will result to the public health, the commissioners' courts are authorized 
by decree to license and permit any such owners to proceed and dam the water and 
to ditch, fence, and irrigate their lands: Provided, That joint owners of all irrigation 
farms shall be liable for damages done to the public or to any person by reason of the 
overflow of such irrigation water; suit to be brought against the person occasioning 
tlbe injury or in such other way as may be sanctioned by said court. 

Art. 2986. If, in the establishment of any new project of irrigation or the extension 
thereof, the commissioners' court deem it of sufticient importance to order a dam or 
ditch to be made on the lands of any person refusing to consent thereto, the said 
court, after giving such person actual notiqe in writing and full hearing and consid- 
eration of his objection8,"may decree the making of the same and shall depute two or 
more discreet and disinterested freeholders of the vicinage to arbitrate and fix the 
amount of damage permanently sustained by such person, which shall, by that or 
another such commission, be levied upon and paid forthwith by the applicants for 
such irrigation project in the ratio of the interest and several shares of the said ap- 
plicants and joint owners, and the said court-s may, after like personal notice to par- 
ties interested, order the multiplication or extension of any ditches for irrigation, 
and of irrigation, and of irrigation farms at and below, or at the sides of other sncn 
property, when it shall be the duty of such court to proceed and assess all just fines 
and equitable damages, and to fix and direct the rate and amount and kind of work, 
labor, and tax to be paid by any of such applicants and others, according to their 
interest. 

Art. 2987. Where the health of the public may be injured by irrigation or the dam- 
ming up of water for any purpose it shall be the duty of the commissioners' courts, 
after due mature hearing and consideration, to decree the discontinuance, and they 
shall proceed and break up and discontinue all such dams, ditches, and irrigation, 
whether the same have been heretofore ever so long in existence or may hereafter be 
started. 

Art. 2996. All corporations for irrigration or navigation are hereby granted the 
right of way, not to exceed one hundred feet in width, over all public, university, 
school, and asylum lands, with use of necessary rock, gravel, and timber for con- 
struction purposes, and may attain the right of way over private lands by contract, 
or the damages for any private appropriated by such corporations shall be assessed 
and paid for as provided for in cases of railroads. 

Art. 3000. Whenever any canal or ditch for irrigation shall be constructed under 
the provisions of this chapter, all persons owning lands adjacent to and irrigable 
from said canal or ditch, shall have the right to use the water of said canal or ditch, 
under such regulations as may be prescribed by law or by the commissioners' court 
of the county where such lauds are situated. 

UTAH IRRIGATION LAWS. 

water rights. 

Sec. 422. Whenever, by priority of possession, rights to the use of water for min- 
ing, agriculture, manufacturing, or other purposes, have vested and accrued, and 
the same are recognized and acknowledged by the local customs, laws, and the de- 
cisions of courts, the possessors and owners of such vested rights shall be maiutaiued 
and protected in the same ; aud the right of way for the construction of ditches and 
canals for the purposes herein specified is acknowledged and confirmed ; but when- 
ever any person, in the construction of any ditch or canal, injures or images the 
possession of any settler on the public domain, the party committing such injury or 
damage shall be liable to the party injured for such injury or damage. 

Sec. 423. All patents granted, or pre-emption or homesteads allowed, shall be sub- 
ject to any vested and accrued water right, or rights to ditches and reservoirs used 
in connection with such water rights, as may have been acquired under or recognized 
by the preceding section. 

Sec. 424. The right to the use of water for the reclamation of desert lands, in ac- 
cordance with the provisions of an act approved March third, eighteen hundred and 
seventy -seven, shall depend upon bona fide prior appropriation ; and such right shall 
not exceed the amount of water actually appropriated, and necessarily used for the 
purpose of irrigation and reclamation ; and all surplus water over and above such 
actual appropriation and use, together with the water of lakes, rivers, and other 
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sources of water supply npon the pnblic lands and not nayigable, shall remain and 
be held free for tho appro [niation and use of tbe pnblic for irrigation, mining, and 
manufacturing purposes, subject to existing rights. 

Skc. 425. All navigabW rivers, within the Territory occupied by the pnblic lands, 
•shall remain and be deemed public highways; and mall cases where the opposite 
banks of any streams not. navigable belong to different persons, the stream and the 
bed thereof shall become common to both. 

Sec. 2775. s 1. The selectmen of the several counties of this Territory are hereby 
created ex officio wat^r commissioners for their respective connties, whose powers 
and duties shall be to make, or cause to be made and recorded, snch observations, 
from time to time, as they may deem necessary, of the quantity and flow of water in 
the natural sources of supply, and to determine, as near as may be, the average flow 
thereof at any season of the year, and to receive, hear, and determine all claims to 
the use of water, and on the receipt of satisfactory proof of any right to the use of 
water having vested, to issue to tne person owning such right a certificate therefor 
for recording, and to generally oversee, in person, or by agents appointed by them, 
the distribution of water within their respective connties, from natural sources of 
supply, to all the corporations or persons having joint rights in and to any natural 
source of supply, and to fairly distribute, according to the nature and extent of 
recorded right*, and according to law, to each of said corporations or persons their 
several portions of snch water; and in case of dispute between any of such per- 
sons or corporations as to the nature or extent of their rights to the use of water or 
right of way, or damages therefor, of any one or more of such persons or corporations^ 
to hear and decide upon all such disputed rights* and to file a copy of their findings 
and decisions as to such rights with the county recorder, and to distribute the water 
according to such findings or decision, unless otherwise ordered by a court of compe- 
tent jurisdiction. 

Sec. 2776. s2. In cases where persons, or corporations, use water in different counties 
from the same natural source of supply, the water commissioners of each of said 
counties shall unite in appointing, either from among their number or otherwise, as 
they may determine, a l)oard of reference of not less than three competent persons, to 
hear and decide all disputes in regard to water rights in and to such natural source 
of supply, and they shall file a copy of their decision with the county recorders of 
each of said counties; said water commissioners and members of the board of refer- 
ence shall each, respectively, have power to administer oaths, and if any person who 
may bo duly sworn in any matter in relation to the natnre, extent, or exercise of any 
right or duty under any of the provisions of this act, shall falsely swear, such person 
shall be deeme<l guilty of perjury. 

Sec. 2777. s 3. The certificate of the water commissioners shall state generally the 
nature and extent of the right to use water of the person, or corporation, to whom it 
is issued, and must be filed with the county recorder for recording. 

Sec. 2778. s 4. It shall be the duty of the county recorder of each county, upon 
any certificate of water commissioners being filed in his office, as prescribed by this 
act, and upon any findings or decisions of any commissioners, or board of reference, 
as to the extent of any such rights, and upon payment of the fees allowed by law for 
such service, to record, in a book, or books, to be kept by him for such purposes, all 
such certificates, findings, and decisions, which said record shall be deemed to impart 
notice to all persons whomsoever of the contents thereof, and shall be prima mcie 
evidence of the existence and verity of the facts therein recited. 

Sec. 2779. s 5. No person, or corporation, shall maintain any suit, at law or in 
equity, for the determination of the existence or extent of any right, or rights, to 
the use of water in this Territory, until after the decision of the proper county com- 
missioners, or of the proper board of reference, as the case may be, unless said com- 
missioners, or board, shall fail and neglect to hear and decide such person's claim of 
right to use of water for more than three months after such person may have pre- 
sented, in writing, his claim, or claims, and evidence in support thereof, for adjudi- 
cation : Provided^ This section shall not be construed to affect or impair the authority 
or jurisdiction of any court in the issuance of a temporary injunction or restraining 
order in such cases, or to abridge the right of any person aggrieved by any such 
decision to maintain any lawful suit, or appeal, after such decision may have been 
made. 

Sec. 3780. s 6. A right to the use of water for any useful purposes, such as for 
domestic purposes, irrigating lands, propelling machinery, washing and sluicing 
ores, and other like purposes, is hereby recognized and acknowledged to have vested 
and accrued, as a primary right, to the extent of, and reasonable necessity for such 
use thereof, nrider any of the following circumstances: 

** 1. Whenever any person or persons shall have taken, diverted, and used any of the 
unappropriated water of any natural stream, water-course, lake, or spring, or other 
natural source of supply. 

2. Whenever any person or persons shall have had the open, peaceable^ nninter- 
rupted, and continuous use of water for a period of seven years. ^^ t 
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Sec. 2781. s 7. A secondary right to the use of water for any of said purposes is 
hereby recognized and acknowledged to have vested and accrued (subject to the per- 
fect and complete use of all preliminary rights) to the extent of and reasonable 
necessity for such use thereof, under any of the following circumstances: 

1. Whenever the whole of the waters of any natural stream, water-course, lake, 
spring, or other natural source of supply lias been taken, diverted, and used by prior 
appropriators for a part, or parts, of each year only ; and other persons have subse- 
quently appropriated any part, or the whole, of such water during any other part of 
such year, such person shall be deemed to have a secondary right. 

2. Whenever, at the time of an unusual increase of water exceeding seven years 
average flow of such water, at the same season of each year, all the water of such av- 
erage flow then being used by prior appropriators, and o-ther persons appropriate 
and use such increase of water, such persons shall be deemed to have acq^iired a 
secondary right. 

Ssc. 2782. s 8. A right to the use of water may bo measured by fractional parts of 
the whole source of supply, or by such fractional parts, with a limitation as to peri- 
ods of time when used, or intended to be used; or it may be measured by cubic inches 
with a limitation as to periods of time when used or intended to be used ; or It may 
be measured by cubic inches with a limitation specifying thedepth, width, and dec- 
lination of the water at point of measurement, and, if necessary, with a farther limi- 
tation as to periods of time when used, or intended to be used, and such right may 
be appurt-enant to the land upon which such water is used, or it may be personal 
property, at the option of the rightful owner of such right, and a change of the place 
ofaseof water shall in no manner afl'ect the validity of any person's right to use 
water, but no person shall change the place of use of water, to the damage of his co- 
owners in such right, withouft just compensation. 

Sec. 2783. s 9. A continuous neglect to keep in repair any means of diverting or 
conveying water, or a continuous failure to use any right to water, for a period of 
seven years at any time after the passage of this act, shall be held to be abandon- 
ment and forleiture of such right, and whenever hereafter a conveyance of any parctel 
of laud is executed, and a r'ght to the use of water has been continuously exercised 
from the time of its first appropriation, in irrigating such land, such right shall pass 
to the grantee of such conveyance ; and iu cases where such right has been exer- 
cised in irrigating diflerent parcels of land at diiierent times, such right shall pass to 
the grantee of any parcel of land on which such right was exercised next preceding 
the time of the execution of any conveyance thereof; subject, however, in all oatses 
to payment by the grantee of any such conveyance, of all amounts unpaid on any as- 
sessment then due upon any such right: Providedj That in any of the cases men- 
tioned in this section, any such right to the use of water, or any part thereof, may be 
reserved by the grantor of any such conveyance, by making such reservation in ex- 
press terms*! user ted in such conveyance. 

Sec. 2784. s 10. All rights to the use of water, and means of diverting water, shall 
be exempt from taxation, except for the purpose of regulating the use of the exercise 
of such right in all cases where the land or other property upon which the pertaining 
to snch rights is assessable for taxation, but in making the assessment the assessor 
shall estimate the increased value of such land or other property, caused by the use 
of such water. * 

Sec. 2785. s 11. It shall be the duty of all persons using water from any natura^ 
soutce of supply to provide suitable ditches for conveying surplus water again into 
the natural channel, or other places of use, to the satisfaction or approval of the 
water commissioners ; and if, through neglect so to provide such ditches, water is al- 
lowed to form pools or marshes, or otherwise run to waste, and if any person shall turn 
or use any water in a manner that damages the property of another, except when such 
turning or using in the prudent, careful exercise of such person's lawful right to so 
turn or use, such person or persons so offending shall be liable for damages to any 
aggrieved person entitled to the use of water from the same source of supply, and the 
water commissioners may, on application, or of their own motion, cause the water sup- 
ply to be diverted from such offending party until such waste ditches are provided. 

Sec. 2786. s 12. Whenever the terms mentioned in this section are employed in this 
act, they are employed in the sense hereinafter affixed to them, except when a dif- 
ferent sense plainly appears : 

1. The term "person," when applicable, includes ''firm," "partnership," "joint 
stock company," "association," and "corporation." 

2. Words in the singular number may include the plural, and words in the mascu- 
line may include the feminine. 

3. The term " continuous use" includes use for that part of each year necessary for 
the purpose used for. 

Sec. 2787. s 14. Whenever the waters of any natural source of supply are not suffi- 
cient for the service of all those having primary rights to the use of the same, such 
water shall be distributed to each owner of such right in proportion to it^ extent, but 
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those nsing the water for domestic purposes shall have the preference over those 
claiming for any other purpose, and those using the water for irrigating lands shall 
have preference over those using the same for any other purpose, except domestic 
purposes : Provided, Such preference Hhall not be exercised to the injury of any vested 
right, without just compensation for such injury. 

Sbc. 2788. s 15. All persons shall have the right of way across and upon public, 
private, and corporate lahds, or other right of way, for the construction and repair 
of all necessary reservoirs, dams, water-gates, canals, ditches, or flumes, other means 
of securing and conveying water for an^ necessary public use, or for drainage, upon 
payment of just compensation therefor, hut such right of way shall in all cases be 
exercised in a manner not to unnecessarily impair the practical use of any other right 
of way, highway, or public or private road, nor to unnecessarily injure any public or 
private property. 

Sec. 2789. s 16. Whenever a majority of individuals owning several rights t-o the 
use of water, and a joint interest in the means of diverting or convoying such water, 
or who may desire to divert and use any unappropriated water, desire to organize 
themselves into an association for the purposes of regulating the diversion and distri- 
bution of such water, they may organize into a corporation in the manner provided 
in **An act providing for incorporating associations for mining, manufacturing, coto- 
nieroial, and other industrial pursuits," approved February 18, 1870, and all amend- 
ments thereto, with power to levy and collect all necessary assessments, and the dis- 
tri bntion of water to each stockholder may be regarded as the payment of dividends, 
and such corporation shall have perpetual succession, unless dissolved by three years' 
non-use of its rights, or by a two-thirds majority vote of its members, at a meeting 
called for that purpose; in all cases of dissolution, the property held by the corpora- 
tion shall revert to the members in proportion to their rights therein, or they may 
organize into an irrigation district, under "An act to incorporate irrigation compa- 
nies," approved January 20, 1856, as they may elect. 

AN ACT COMPILING THE LAWS RELATING TO THE INCORPORATION OP IRRIGATION 

COMPANIES. 

Sec. 2403. si. Beit enacted^ etc.y That upon the majority of the citizens of any 
county or part thereof, representing to the county conn that more water is necessary, 
and that there are streams or parts of streams unclaimed or unused, which, if brought 
out of their natural channels and thrown upon tracts of land under cultivation, or to 
be put under cultivation, can be of value to the interests of agriculture, the county 
court having jurisdiction may proceed to organize the county, or part thereof, into 
an irrigation district ; and thereafter the land-holders of such district shall bo 
equally entitled to the use of the water in or to be brought into such district, accord- 
ing to their acknowledged rights : Provided, Such laud- holders pay their proportion of 
the expense incurred m the construction and keeping in repair of the necessary 
canals, flumes, dams, or ditches 

Sec. 2404. 8 2. The citizens of an irrigation district, when so organized for the pur- 
poses provided in the preceding section, may, in mass-meetii^g, proceed to the for- 
mation of a company, by electing, viva voccy not less than three nor more than thirteen 
trustees, a secretary, and a treasurer. Notice of the time, place, and object of said 
mass -meeting shall be given by the clerk of the county court at least ten days pre- 
vious by advertising three times in some newspaper having general circulation in the 
county, and by posting up notices in three public places in the district. 

Sec. 2405. s 3. It shall be the duty of the trustees so elected to locate the proposed 
canal or ditch, determine the amount and quality of the laud to be benefited thereby, 
to estimate the cost, including dams, flumes, locks, waste- weirs, and all the appur- 
tenances belonging thereto, the amount per acre of the percentage on taxable prop- 
erty which will be necessary to construct the same. 

Sec. 2406. s 4. It shall then be the duty of the trustees to make a report to the 
county court of the location and estimate provided for in section 3 of this act; also 
to call a meeting of the holders of the lands to be benefited by the proposed canal or 
ditch, at which a copy of said report shall be presented, and the said land-holders 
shall vote ** yes " or " no" upon the following questions : 

1. Do you mutually agree to pay per acre, land tax, to construct the proposed 

canal or ditch ? 

2. Do you approve the action of the mass-meeting in the election of officers f- 
Notice shall be given by the trustees at least ten days previous to the time ap- 
pointed for such meeting, by advertising at least three times in some newspaper hav- 
ing general circulation in the county, and by posting up notices in three public places 
in the district. Said advertisement an<l notice shall state distinctly the time and 
place and object of such meeting, and bo signed by a majority of the trustees and the 
secretary. The voting at said meeting shall be by ballot, and the chalrnian and sec- 
retary of said meeting shall be the judge and clerk of the election. A ballot-box shall 
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be provided by the trustees, and each voter shall present his ballot to the judge of 
election, -who shall deposit it in the box, and the clerk shall write the name of the 
voter in a poll-list or book, which shall also be provided by the trustees. No person 
shall be entitled to vote at said meeting or election unless he is a land-holder in the 
district. Immediately after the close of the election the ballots shall be openly 
counted by the judge and clerk, assisted by two persons chosen by the voters present. 
A certificate of the results of the election, signed by th« persons who counted the 
votes, shall be forwarded at once to the clerk of the county court yby the judge of said 
election. 

Sec. 2407. s 5. If upon counting the votes it shall appear that two-thirds of the 
votes polled have been answered in the afiBrmative, then the tax so agreed upon shall 
be a law in the said irrigation district ; and the tax when collected shall be paid 
over to the treasurer of said company on his order: Provided, That not exceeding one- 
half of the tax so agreed upon shall be collected at one time, and the residue to be col- 
lected as the work progresses : Provided further, That if the first estimate prove in- 
snfflcient for the construction of the canal or ditch with its appurtenances, then ad- 
ditional taxes may be assessed in the same manner as hereinbefore provided until the 
said canal or ditch is completed. 

8ec. *^08. s 6. If less than two-thirds of the votes polled are answered in the affirm- 
ative, then all proceedings under this act shall be null and of no etfect : Provided, That 
if there are objections to the officers so elected by the mass-meetings, the electors may 
write other names on their tickets; the persons having the most votes to be declared 
elected, and it shall be the duty of the county clerk to notify such officers forthwith 
of their election. 

Sec. 2409. s 7. Within twenty days after receiving such notice, the officers so 
elected shall file bonds in the office of the clerk of the county court, conditioned for 
the faithful performance of their several duties ; the amount of such bonds to be de- 
clared by the county court having jurisdiction. 

Sec. 2410. s 8. The term of office of the first trustees, secretary, and treasurer shall 
be till the next general eleqtion, and thereafter for two years, and until their suc- 
cessors are elected and file bonds. 

Sec. 2411. s 9. All subsequent elections for determining the rate of tax shall be 
held annually on the first Monday in December, and for the election of company offi- 
cers, biennially, on the same day, at such time and place within the district as shall 
be designated by the trustees, at which time the number of trustees may be chnnged 
by a two-thirds vote to not less than three nor more than thirteen. Notice of said 
election shall be given and the election conducted and certificates thereof returned, 
as provided in section 4 of this>act, and the officers elected shall give bonds as pro- 
vicfod in section 7 of this act. The rate of tax determined at said election by a ma- 
jority vote shall be a law in said irrigation district, and shall constitute a permanent 
lien on the interest of the tax-payer in said canal or ditch and his right to the use of 
the water therein flowing from the day of assessment : Provided, That no tax created 
6t payable by this act shall be or create a lien upon the land. 

Sec. 2412. s 10. The trustees at their first meeting shall elect one of their number 
president, and it shall be their duty and they shall have power to fill any vacancy 
which may occur in the board by death, change of residence, or otherwise ; and the 
persons chosen for this purpose shall hold office until the next annual election. The 
trustees shall also have power to meet at such times and places as they may deem 
expedient to make by-laws, rules, and regulations necessary to carry into elfuct the 
objects of the people; to appoint agents, subordinates, and officers, and employ such 
workmen as may be requisite ; to appoint assessors and collectors, or make agreement 
with the county assessors to assess and collect the tax, and notify collectors when 
additional installments of the tax will be needed ; to construct and complete said 
canals or ditches, with all necessary appurtenances thereto ; to cause to be kept an 
accouuDof all receipts and disbursements, and to complete said canals and ditches, 
and settle all accounts of the same. Said trustees shall make fin annual report of 
their proceedings under this act to the county court on or before the first day of Feb- 
roary, and shall file with the clerk of the county court a map of said irrigation dis- 
trict., showing the location and subdivision of land therein, and of the company's 
canals and ditches. 

Sec. 241^5. s 11. The trustees shall have power to sue and be sued, plead and be im- 
pleaded, to have and to hold all such real estate and personal property as may be 
necessary to construct the contemplated ditch or canal, including all appurtenances 
belonging thereto. 

Sec. 2414. 8 12. If any pai-t, of the lands to be benefited by the proposed ditch or 
canal are not legally claimed, then such lands may be appraised by the trustees and 
shall be held and the possession of them sold by the trustees, as opportunity may 
ofler, and the estimated amount of the funds necessary to complete such canal or 
ditch shall be decreased by the estimated value of such lands, previous to the levy 
and assessment of any tax. r^^^r^T^^ 
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Sec. 2415. s 13. Where the streams to be taken out for irrigation purposes -come 
from counties other than the one in which the district is 8itnate<l, but where there 
are no existing claims to the water and where no individual or settlement will be in- 
jured thereby, then the power of said irrigation district is hereby extended to said 
other county, insomuch as said extension may be necessary for the constructiou of 
dams to turn the waters, and ditches or canals with all necessary appurtenances as 
may be necessary to convoy the same to where it is to be used. 

SilG. *^41(). s 14. Where lakes or ponds in^ natural basins have outlets, or where such 
can be made by dams across hollows, such lakes or ponds may be used as reservoirs, 
to store water for lauds lying ou lower levels; and the people of any irrigation dis- 
trict may, under the provisions of this act, construct such artificial or use such natu- 
ral basins for irrigation purposes : Providedf The waters of such lakes or ponds are in 
no case ro be raised, by dams or otherwise, so as t-o interfere with or damage settlers 
upon the margin thereof. 

(Sec. 2417. s 15. Upon the construction or partial construction of any canal, ditch, 
or reservoir contemplated in this act, they shall become the property of tho irriga- 
tion district ; aud thereafter all funds necessary for repairs upon said canal, ditch, or 
reservoir, and for keeping the same in order, or for altering or enlarging the same, 
may be levied by a tax upon the lands benefited, the landholders in the district to 
vote upon the same in Ihe manner heretofore provided for in this act. Aud in case 
of any sudden emergency, caused by inundation or otherwise, said trustees are 
hereby authorized and empowered to make such repairs, or take such measures as 
they may deem necessary to preserve the canals, or ditches or other works of said 
company or district, aud for payment of the expenses so increased the trustees are 
hereby authorized and empowered to levy a tax for the necessary amount upon all 
the lands of said district benefited by such canals or ditches, and said tax may be 
collected in the same manner and at the same time, if necessary, as provided for the 
collection of other taxes in said district. 

8ec. 2418. s 16. All property or money belonging to any irrigation district, in the 
hands of the trustees to be expended by them under the provisions of this act, is 
hereby exempted from all city, county, and Territorial taxes. 

Sec. 2419. s 17. After any canal ov ditch shall have been laid out under this act, 
or under any special charter where other provision has not been made, the trustees or 
company may agree with the owners of laud through which it will pass for the pur- 
chase of so much thereof as may be necessary for the making of the canal or ditch 
and the appurtenances thereto belonging. 

Sec. 2420. s 18. In every case where the owner of the land so required shall absent 
himself from the country, or shall not, from any cause, be capable in law so to agree, 
or shall refuse to agri^e, or ask an exorbitant price, the value of such land and the 
damages to the owner thereof shall be ascertained in the following manner: 

1 . The owner of or claimant to such land and the trustees may each select a refei ee, 
and in case of disagreement the two may select a third, and these referees shall pro- 
ceed to det.ermine the value of the land under controversy, and assess the amount of 
damages, if any, which each owner of lands or improvements has sustained, or will 
sustaiu, in cou sequence of the canal or ditch. 

2. The appraisal, with a description of the land so appraised, shall be acknowl- 
edged by the referees signing it, before the clerk of the county court of the county 
in which the lands are situated, and when so acknowledged it shall be filed in the 
said clerk's office within ten days after it shall have been made. In case the occu- 
pant or claimant shall refuse or neglect to select a referee as herein provided, tke 
trustee may petition the district court of the district in which the land is situated 
for the appointment of three or more commissionei-s to condemn the land and fix and 
det.ermine the damages ; said commissioners to be appointed upon such notice to the 
complainant or occupant as said court shall direct. Said commissioners shall report 
to said court their award and determination for approval or disapproval. The mo- 
tion for approval of said award shall be hearil on such notice as the court shall direct. 

Sec. 2421. s 19. The trustees, upon payment to the rightful claimant of the several 
sums assessed in the appraisal so made, or upon making a tender thereof when the 
same shall be refused, shall be entitled to enter upon the lauds described in the ap- 
praisal, and have and hold the same for the use and benefit of such irrigation district 
forever. 

Sec. 2422. s 20. If on any parcel of the lands so described there shall be no person 
then living authorized to receive payment for the damages assessed for such parcel, 
and such damages shall not have been lawfully demanded within ten days after the 
filing of such appraisal, the board of trustees may enter thereon without payment or 
tender of such damages, but subject to such payment whenever the same shall be 
thereafter lawfully required. 

Skc. 242:i. s 21. Any person who, in violation of any right of any other person, or 
of said corporation, willfully turns or uses the water, or any portion thereof, of said 
canal, ditch, or reservoir, except at a time or times when the use of^uch water has 
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been dnly distributed to such person, or willfully uses any greater qnautity of such 
water than has been duly distributed to him, or in any way changes the flow of water 
when lawfully distribute for irrigation or other useful purposes, except when duly 
authorized to make such change, or willfully or maliciously breaks or injures any dam, 
canal, water-gate, ditch, or other means of diverting or conveying water for irriga- 
tion or other useful purpose, is guilty of a misdemeanor. 

Sbc. 2424. 8 22. All companies or districts organized under the provisions of this 
act shall be liable for any damage which may occur by the breakage oC any canal or 
ditch. When any land in an irrigation district is benefited or damaged by the com- 
pany's canals or ditches, from soakage or other incidental cause, and the owner of 
said land and the company can not agree as to the amount of the benefit or damage, 
the matter in dispute, as well as the question of dama^ge through breakage, may be 
referred and decided as provided in the preceding section of this act. No irrigation 
company organized under the laws of this Territory shall be entitled to divert the 
waters of any stream to the injury of any irrigation company or person holding a 
prior right to the use of said waters, and all cases of dispute arising from such un- 
lawful divertion may also be referred and decided as provided in section 18 of this 
act. 

Sbc. 242f). s 23. Nothing in this act shall be so construed as to interfere with the 
right of the legislative assembly to repeal, alter, or amend the same at pleasure. 

Sbc. 2426. s 24. That persons who have constructed canals, ditches, or dams, and 
taken out water for irrigation purposes before the passage of this act to which this 
act is amendatory, are hereby authorized to organize under the provisions of said act, 
and to enioy all the rights, powers, and privileges guarantied therein: Provided^ 
They shall proceed in the same manner as is provided for the organization of new 
companies. 

Sbc. 2427. s 25. Nothing in this act shall be so construed as to prevent an^ associa- 
tion of persons incorporating under the laws of this Territory relating to pri vate cor- 
porations for general purposes. 

WYOMING IRRIGATION LAWS. 

BIGHTS TO USB OP WATER AND RIGHT OF WAY FOR DITCHK8. 

Sbc. 1317. All persons who claim, own, or hold a possessory right or title to any 
land or parcel of land within the boundary of Wyoming Territory, when those claims 
are on the bank, margin, or neighborhood of any stream of water, creek, or river, 
shall be entitled to the use of the water of said stream, creek, or river for the pur- 
poses of irrigation and making said claim available to the full extent of the soil for 
agricultural purposes. [C. L. 1876, ch. 65, $ 1. ] 

Sbc. 1318. When any person owning claims in such locality has not suflicient 
length of area exposed to said streams to obtain a sufficient fall of water to irrigate 
hisland or his farm, or land used by him for agricultural purposes is too far removed 
from said stream, and he has no water facilities on those lands he shall be entitled 
to a right of way through the farms or tracts of land which lie between him and 
said stream, or the farms or tracts of l^nd which lie above and below him, on said 
stream, for the purposes hereinbefore stated: Provided^ That, in the const4-uction, 
keeping up, and using any ditch through the lands of another person, the person or 
persons cobstrncting or using said ditch, or whose duty it ahall be to keep the same 
in repKair, shall be liable to the person owning or claiming such land for all damages 
accruing to such person by reason of said construction, keeping up, and using such 
ditch. [C. L. 1876, ch. 65, $ 2.] 

Sec. 1319. Such right of way shall extend only to a ditch, dike, or cutting sufficient 
for the purposes required. [C. L. 1876, ch. 65, $ 3. ] 

Sec. 1320. Upon the refusal of the owners of tracts of land, or lands through which 
said ditch is proposed to run, to allow of its passage through their property, the per- 
sons desiring to open such ditch may present to the county commissioners of the 
county in which said lands are located, a petition, signed by the person or persons 
describing with conyenient accuracy the lands so required to be taken as aforesaid, 
setting forth the name or names of the owner or other person interested, and prayin^^ 
the appointment of three appraisers to ascertain the compensation to be made to such 
owner or persons interested. Upon the receipt of said petition^ the said county com- 
missioners shall give notice, at least thirty df^s prior to the appointment of said 
appraisers, by public notice in a newspaper, when published in the couuty, or by 
ponring three or more notices in three different places in said county, stating that 

such appraisers will be appointed on the day of . [C. L. 1876, ch. 65, $ 5. ] 

Sec. 1'.521. The said appraisers, before entering upon the duties of their office, shall 
take an oath (o faithfully and impartially discharge their duties as said appraiset's. 
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reviewing the prenuHes, shall, withoat fear, favor, or partiality, aRcertain and cer- 
tify the oompensatioD proper to bo made to said owner or persons interested, for the 
lauds to be taken or atfected, as well as all damages accraiug to the owner or person 
iuterested, in conseqaence of the condemnation of the same, taken or injiiriaakly af- 
fected as aforesaid, making snch deduction or allowance tor real bcnetlis or advan- 
tages which such owner or parties interested may derive from the construction of said 
ditch o^ flume. They, or a majority of them, shall subscribe a certilicate of their 
said ascertainment and assessment, which shall be recorded in the county clerk's 
office of the county in which said lands are situated, and upon the payment of the com- 
pensation (If any) the said person or persons shall have the right of way to construct 
said ditch or flume. [C. L. 1876, ch. o5, ^ 6.] 

3rc. VS2i. All persons on the margin, uank, neighborhood, or precinct of any 
stream of water shall have the right and power to place upon the bank of said 
stream a wheel or other machine for the purpose of raising water to the level re- 
quired for the purpose of irrigation, and the right of way shall not be refused by the 
owner of any tract of land upon which it is required, subject, of course, to the like 
regulations as required fbr ditches and laid down in the last precediifg section. 
[C.L. lH7G,ch. 65, $7.] 

Skc. Vi2[i. The owner ur owners of any ditch for irrigation or other purposes shall 
carefully maintain the embankments thereof, so that the waters of such ditch may 
not flood or damage the premisen of others. [C. L. 1876, ch. 65, $ 8.] 

Sec. Vi'M. Nothing in this chapter contained shall be so construed as to impair 
the prior vested rights of any mill or dit^h owner, or other person, to use the waters 
of any such water course. [0. L. 1876, oh. 65, ^ 9.] 

8eo. 1325. Any ditch company constructing a ditch, or any individual having 
ditches for irrigation or for oth«r purposes, whenever the same be taken across any 
publichighway or public traveled road, shall pu . a good substantial bridge (not less 
than fourteen feet in breadth) over such watercourse where it crosses said road. 
[C. L. 1876, ch. 65, ML] 

Sko. 1326. When any such ditch or water-course shall be constructed across any 
l>iiblic traveled road, and not bridged within three days thereafter, it shall be the 
duty of the county commissioners of the county in which said ditch and road are lo- 
cated to put a bridge over said ditch or water-course, of the dimensions specified in 
tho foregoing section, and call upon the owner or owners of the said ditch or water- 
con rw* to pay the expenses of constructing said bridge, and if payment therefor be 
refns«d, a civil action may be maintained for the recovery of the same, together with 
all accruing costs. [C. L. 1876, ch. 65, $ 12.] 

Skc. 1:127. Upon the refusal of the owner or owners of land or lands through which 
any person or )>ersons are desirous of constructing any irrigation ditch or ditches, 
then it shall be lawful for the parties interested to settle the matter by the appoint- 
ment of a board of arbitration consisting of three men as hereinafter provided. [S. 
L. 1882, ch. 57, ^ 1.] 

Sec. 132S. The creation of the board of arbitration shall be as follows: The person 
or )>ersons dtisiring the construction of such ditch or ditches and the owner or own- 
ers of the land or lands through which the construction of snch ditch or dit^ches is 
contemplated shall each choose one disinterested resident property holder of the 
county in which the land or lands mentioned above are situated, and the two so 
chosen shall designate a third person with like qualifications as themselves, and it 
shall be lawful for these persons to immediately proceed to hear the proof and alle- 
gations of the parties concerned. It shall be lawful for any two of such board of 
arbitration to make such assessment of damages as may in their judgment be deemed 
just and right, taking into consideration the benefits, if any, that may accrue to the 
owner or owners of the land or lands through which the construction of such ditch 
or ditches is contemplated. [8. L. 1882, ch. 57, $ 2.] 

Skc. 1329. Should the verdict or assessment of such board of arbitration be unsat- 
isfactory to either or both of the parties interested, then recourse may be had by an 
appeal made in writing within ten days from the rendering of such verdict by such 
board of arbitration, addressed to the board of county commissioners of the county 
in which the contestants reside, in which case the party taking the appeal shall give 
bonds for all the costs; then the case shall stand as though no action had been taken 
in the matter and the parties may then proceed under this chapter in the same man- 
ner lis though the proceedings to ascertain the couipensation to be gi^en had been 
taken before the county commissioners in the first instance. [S. L. 1882, ch. 57, $ 3. J 
(For proceedings before commissioners see ^^ 1320 and 1321.) 

Sec. 1330. In case no appeal be taken as above provided by either of the parties 
interested, then the nding of such board of arbitration shall be binding and final : 
Provided, The sum of money agreed upon by the board of arbitration has been ten- 
dered or paid, or a deed for such right of way executed and deltvered or tendered by 
the party or par^jf^s over whose land the right of way is sought, [S. L. 1882, oh, &7, 
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APPB0PKIATI019 OF WATER AND PROCBDURK. 

Sec. 1331. The lands now irricated, or which may be hereafter irrigated, from 
ditches taking water from the foflowing described rivers and natural streams of the 
Territory of Wyoming, are hereby declared to constitute irrigation districts : 

District number one shall consist of all lauds irrigated from ditches from the North 
Platte River and its tributaries, except the Laramie River, between its intersection 
with the boundary line between Nebraska and Wyoming and its intersection* with 
the western boundary line of Laramie County, Crow Creek, Lone Tree Creek, Pole 
Creek, Horse Creek, Chugwater Creek, Cheyenne River, Niobrara or Running Water 
Biver, and their tributaries. 

District number two shall consist of all lands irrigated from ditches taking water 
from the Laramie River and tributaries, except Chugwater Creek, North Pbate 
Kiver and its tributaries, between its intersection with the western boundary line 
of Laramie County and the mouth of the Sweetwater, Sabille Creek and North Lara- 
role Creek ; and also the following-named streams., situate in whole or in part iu the 
county of Albany, namely: Douglass Creek, Lake Creek, the three Boaver Creeks, 
Four-idile Creek| Dutton Creek, Cooper Creek, Rock Creek and tributari«8, Sabille, 
Sheep Creek, Deer Creek and tributaries, Antelope Cr«ek, Fish Creek and its tribu- 
taries, Dale Creek and its tributaries, and also the following-named lakes, to wit: 
Cooper Lake, James Lake, lone Lake, Sportsman's Lake, LakeHutton, Lake Creigh- 
ton, Lake George, St<^am boat Lake, Horse Creek liake, Lake Hattie, and Lake Owen. 

DiHtrict number ihree shall consist of all lands irrigated from ditches taking water 
from the North Platte River and its tributaries to the line of Carbon County, and all 
streams or continuations of streams lying within Carbon County. * 

District number four shall consist of all lands irrigated from ditches taking water 
from the Green River and it« tributaries. 

District number live shall consist of all lands irrigated from dit<;hes taking water 
from the Powder, Tongue, and Big Horn Rivers and their tributaries, except Wind 
River. 

District number six shall consist of all lands irrigated from ditches taking water 
from the little Powder River, Little Missouri River, and the Belle Fourche and their 
tributaries. 

District number seven shall consist of all lauds irrigated from ditches taking water 
from that portion of Green River lying within Uinta County and Bear River. 

District number eight shall consist of all lands irrigated from ditches taking water 
from Wind River to Johnson County line. ^ 

Other irrigation districts may be formed from time to time by the governor, on 
petition of the parties interested, comprising territory not within any of the above- 
eslablished irrigation districts. [S. L. Ib86, ch. 61, $ 1.] 

Skc. 133^ There shall be one water commissioner for each of the above-named dis- 
tricts, and for each district hereafter formed, who shall be appointed by the governor, 
to be selected by him from persons recommended to him by the several boards of 
county commissioners of the counties into which water districts may extend, and the 
wat«r commissioners so appointed shall hold their office for two years, or uutil their 
successor is appointed and qualified. The governor, by like selection and appoiiit- 
roent, shall till all vacancies which may be occasioned by death, resignation, or con- 
tiiioed absence form the district, removal or otherwise, and the governor may at any 
time remove any wat«r commissioner for failure to perform his duties, or for any other 
cause. [S. L. 1886, ch. 61, $ 2.] 

Sec. 1333. Within twenty days after his appointment, and before entering upon the 
duties of his office, such water commissioner shall take aud subscribe an oath to 
faithfully and impartially perform the duties of his office, which oath shall be de- 
posited with the clerk of the court having jurisdiction over the priority of rights to 
use of water iu his district. [S. L. 1886, ch. 61, $ 3. J 

Sec. 1334. it shall be the duty of the said water commissioners to divide the water 
iu the natural stream or streams of their districts among the hcveral ditches taking 
water from the same, according to the prior rights of each, respectively, iu whole or 
in part, and to shut and fasten, or cause to be shut and fastened, the head-gates of 
any ditch or ditches heading iu any of the natural stieanis of the district, which in 
time of a scarcity of water, makes it necessary, by reason of the priority of the rights 
of others above or below them on the stream. [8. L. 1886, ch. 61, $ 4.] 

Skc. 1335. Every person who shall willfully open, close, change, or interfere with 
any head-|^ate or water-box without authority shall be guilty of a misdemeanor, and. 
on conviction thereof shall be lined iu any sum not exceeding one hundred dollars, 
or imprisoned, in the county jail for a term not exceeding six months, or both line 
and imprisonment. The water commissioners or their assistants, within their dis- 
tricts, shall have authority to arrest any person or persons offending and turn them 
over if the sheriff of the proper county. [S. L. 1886, ch. 61, J 5.] 
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Sec. 1336. l^e water oommissioDers herein provided shall be entitled to pay at the 
rate of five dollars per day for each day he shall be actually employed In the duties 
of his office, not to exceed fifty days in any one year, to be paid by the county in 
which his irrigation district may lie. Each Vater commissioner shall keep a just and 
trae account of the time spent by him in the duties of his office, and shall present a 
true copy thereof, verified by oath, to the board of county commissioners of the 
county in which his district may be, and said board of county commissioners shall 
allow the same, and if said irrigation district shall extend into two or more counties 
then said water commissioner shall 'present his account for his said services, verified 
as aforesaid, to the board of county commissioners of the county in which sits the 
district court having jurisdiction over the priorities of the rights to use of water 
for the purposes for which it was appropriated in such districts. [S. L. 1886, ch.Gl 
$6.] 

Skc. 1337. Said water commissioners shall have power, in case of emergency, to 
employ suitable assistants to aid him in the discharge of his duty; such assistants 
shall take the same oath as the water commissioner and shall obey his instructions, 
and each shall be entitled to four dollars per day for every day he is employed, not 
to exceed thirty-five days in any one year, to be paid upon the certificate of the water 
commissioner in the same manner as is provided for payment of water commissioners. 
[S. L. 1886, ch. 61, $ 7.] 

Sec. 1338. Said water commissioners shall not begin their work until they shall 
be called on by two or more owners or managers, or persons controlling ditches in 
the several districts, by application in writing, stating that there is a necessity for 
their action, and tfiey shall not continue performing services after the necessity 
therefor shall cease. [S. L. 1886, ch. 61, $ 8.] 

Sec. 1339. For the purpose of hearing, adjudicating, and settling all questions con- 
cerning the priority of appropriation of water, between ditch companies and other 
owners of ditches, drawing water for beneficial purposes, from the same stream, or its 
tributaries, within the same irrigation district, and all other questions of law and 
questions of right growing out of or in any way involved or connected therewith, 

i'urisdiction is hereby vested, exclusively in the several district courts, as follows: 
■"or district number one, in the district court of Laramie County ; for district number 
two, in the district court of Albany County ; for district number three, in the district 
court of Carbon County ; for district number four, in the district court of Sweetwater 
County; for district number five, in the district court of Johnson County; for dis- 
trict number six, in the district court of Crook County ; for district number seven, 
in thcilistrict court of Uinta County ; for district number eight, in the district court 
of Fremont County. All streams, lakes, and reservoirs not herein enumerated shall 
be, for all purposes, attached to and belong to the irrigation district in which the 
greater portion of its water is, it being the intent and meaning hereof to add to each 
irrigation district all waters not hereinbefore enumerated the majority of which lie 
in their respective areas, for the purposes of acquiring rights to the appropriation 
and use thereof and adjudicating the same. fS. L. 1886, ch. 61, $ 9.] 

Sec. 1340. In order that all parties may be protected in their lawful rights to the 
use of water for beneficial purposes, every person, association, or corporation, own- 
ing or claiming any interest in any ditch, canal, or reservoir, within any water dis- 
trict shall, on or before the first day of September, eighteen hundred and eighty-six, 
if such statements are not already matters of record at the time this act is approve<l, 
file with the clerk of the district court having jurisdiction of priority of rights to the 
use of water for irrigation, in such water ilistrict, a statement of claim under oath, 
entitled of the proper court, which statement shall contain the name or names, to- 
gether with the post-office address of the claimant or claimants claiming ownership, 
as aforesaid, of any such ditch, canal, or reservoir, the name thereof (if any), and if 
without a name, the owner or owners shall choose and adopt a name, to be therein 
stated, by which such ditch, canal, or reservoir, shall thereafter be known. The de- 
scription of such ditch, canal, or reservoir as to location of head-gate, general course 
of ditch, the name of the natural stream from which such ditch, canal, or reservoir 
draws its supply of water, the length, width, depth, and grade thereof, as near as may 
be, the time, fixing a day, month, and year, as the date of appropriation of water by 
original construction, also by any enlargement or extension, if any such thereof have 
been made, and the amount of water claimed by or under such construction, enlarge- 
ment, or extension, and the present capacity of the ditch, canal, or feeder, or reser- 
voir, and also the number of acres of land lying under and being, or proposed to be, 
irrigated by water from such ditch, canal, or reservoir; or if such waters have l>een 
appropriated for other beneficial purposes than irrigation, a statement of such pur- 
pose; such statement shall be signed by the proper party or parties; and shall tile 
with the county clerk and ex officio register of deeds a like statement, which shall be 
recorded by him in a book kept for that purpose. [S. L. 1886, ch. 61, $ 10. 

Sec. 1341. Upon the filing of such statement, the clerk of the court shall indorse 
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book to be provided for that purpose by the county commissioners,, which said index 
shall contain the date of filing, the name of the party, association, or corporation, 
the name of the ditch, the stream from which the water is taken by such ditch, canal, 
or reservoir, in general terms, the location of the head-gate, the date of the appro- 
priation of the water, by construction, enlargement or extension ; said index shall be 
prepared alphabetically, by reference to the name of the ditch, canal, or reservoir. 
[8.L. 1886, ch. 61, $ 11.] 

8bc. 1342. For iiiiug and iodexing such statement, the clerk of the court shall re- 
ceive a fee nf one dollar, to be paid by the party or parties filinc: the same. fS. L. 
1886, ch. 61, }12.] 

Sec. 1343. Hereafter every person, company, or corporation, constructing, enlarg- 
ing, or extending any ditch, canal, or reservoir, for beneficial jpurposes, and intend- 
ing to use or appropriate any water from any natural stream within a water district, 
for such beneficial purposes, shall file with the county clerk and ex officio register of 
deeds 4ind the clerk of the district court, of the proper county, before the commence- 
ment of the construction, enlargement, or extension of sucli ditch, canal, or reser- 
voir, a statement showing the stream or streams from which the water is to be taken ; 
the point or place on said stream at or near which the water is to be taken out ; the 
line of said ditch or ditches as near as may be ; the use or uses to which said water 
is intended to be applied ; the dimensions of such ditch or ditches, and each thereof^ 
giving width on bottom and top, slope of banks, and grade of ditch ; and likewise 
of any and all enlargements thereof; which statement shall be filed and indexed as is 
provided in section thirteen hundred and forty, and from the time of filing any such 
statement water sufficient to fill such ditch or ditches, and to subserve the use or usea 
aforesaid, if a lawful and just use, shall be deemed and adjudged to be ap)>ropriated : 
Provided, That nothing herein contained shall be permitted to interfere with a prior 
right to said water, or to any thereof; And provided further, That such person or i)er- 
sops, or corporation, shall, within sixty days next ensuing the tiling of such statement, 
begin the actual construction of said ditch or ditches, and shall x)ro8ecute the work 
of the construction thereof diligently and continuously to its completion; Jnd pro- 
vided further, That the beginning of all necessary surveys of such ditch shall be con- 
strned as the beginning ot said work of construction. [S. L. 1886, ch. 61, $ 13.] 

Sec. 1:544. The water of every natural stream not heretofore approijriatcd within 
this Territory is hereby declared to be the property of the public and the same is ded- 
icated to the use of the people, subject to appropriation as herein provitled. The 
provisiouo of this chapter shall apply to all cases where water of natural streams is 
appropriated for beneficial purposes, whether the water be conducted through ditches, 
canals, flames, or tunnels, and shall apply also to Cbses where for irrigation purposes 
the water is stored in reservoirs, and the owner or owners of any ditch, canal, flume, 
or tunnel through which water is conducted for irrigaticm purposes, and also the 
owners of reservoirs, may conduct the water therefrom into and along any of the nat- 
ural streams of the Territory, but not so as to raise the waters thereof above high- 
water mark, and may take the same out again at any point desired, but due allow- 
ance shall be made for evaporation and seepage, the amount to be determined by the 
water commissioner of the proper district, subject to review and determination by 
the court having jurisdiction over priorities in such district. [8. L. 1886, ch. 61, ^ 14.] 

Sec. i:i45. Whenever any person or persons, association or corporation, interested 
as owners of any ditch, canal, or reservoir, in any district, shall desire a determina- 
tion of the priorities of rights to the use of water from stream or streams from which 
they draw the water for their ditch or ditches, canals or reservoirs, they shall pre- 
sent to the district court having jurisdiction over the rights in such water district, 
or to the judge thereof in vacation, a motion, petition, or application in writing, 
moving or praying said court to proceed to an adjudication of the priorities of rights 
to the use of water for irrigation between the several ditches, canals, or reservoirs in 
such district on the stream or streams named in the motion, petition, or application. 
The said motion, petition, or application shall state the names of the ditclies, canals, 
or reservoirs claiming water from said streani or streams, as appears by the final 
statements in the clerk's office, together with the names of the persons, associations, 
or corporations interested therein, taken from said statements, and shall set forth the 
natnre of the claim or claims of the applicant or applicants, and such motion, petition, 
or application shall be entitled ** In the matter of an application for an {^judication 
of the priorities of rights to use water for beneficial purposes in water district num- 
ber , on " (stating the stream or streams). Upon the filing and docket- 
ing of such application the court, or judge thereof in vacation, shall without un- 
liecessary delay, by an order to be entersd of record, upon such motion, petition, or 
application, appoint a day, in some regular term of said court, or in vacation thereof, 
for commencing to hear and take evidence in such adjudication, at which time it 
shall be the duty of the court, or judge thereof in vacation, to proceed and hear all 
evidence that may ho offered by or in behalf of any person, association, or corpora- 
tion interested in such stream or streams in such district in any ditch, canal, or res- 
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ervoir, eilher as owner or consaiuet* of water therefrom, in support of or against any 
claims of priority of appropriation of water made by means of any ditch, canal, or 
reservoir, or by an enlargement or extension thereof in such district, or on such, 
stream or streams, and consider all such evidence, also the arguments of the parties 
or their counsel, and shall ascertain and find from such evidence, as near as may be, 
the date of the commencement of such ditch, canal, or reservoir, together with the 
original size and carrying capacity thereof, as originally constructed, the time of the 
couiuicnccnieut of each enlargement or extension thereof, if any, with the increased 
' capacity thereby occasioned, the time spent severally in such construction, enlarge- 
ment, or extension and re-enlargement, if any, the diligence with which the work 
was in each case prosecuted, the nature of the work as to the difficulty of constrac- 
tiou, and all such other facts as may tend to show the compliance with the law in 
acquiring the priority of right claimed for each such ditch, canal, or reservoir, and 
determine the matters put in evidenee, and make and cause to be entered a decree 
determining and establishing the several priorities of right by appropriation of 
water of the several ditches, canals, and reservoirs in such water district in sach 
stream or streams concerning which testimony shall have been offered, each accord- 
ing to the time of its said construction and enlargement or enlargements and ex- 
tensions, with the amount of water which shall be held to have been appropriated 
by such construction and enlargement or extensions, describing snch amount by 
cubic feet per second of time (which shall also be the method of measurement for 
the sale of water), if the evidence shall show sufficient data to ascertain such cubic 
feet, and if not, by width, depth, and grade, and such other description as wiU most 
certainly and conveniently show the amount of water intended as the capacity of 
such ditch, canal, or reservoir in snch decree. Such court, or judge thereof in vaca- 
tion, sball further order that each and every person interested or claiming any such 
ditch, canal, or reservoir shall receive from the clerk, on payment of a reasonable 
fee therefor, to be fixed by the court, or judge in vacation, a certificate, under seal of 
the court, showing date or dates, and amount or amounts, of appropriations adjudged 
in favor of such ditch, canal, or reservoir, under and by virtue of the construction, 
extension, and enlargement thereof severally, also specifying the number of said 
ditch as determined by the court with reference to priority, and of each priority to 
which the same may be entitled by reason of said construction, extension, and en- 
largement: Provid&d, That any party or parties claiming any right to the use of 
water for beneficial purposes in such district, and on such stream or streams, by 
reason of being owner of or interested in any ditch, canal, or reservoir, who is not 
mentioned in the motion, petition, or application filed and presented to the court, shall 
be notified by the clerk of such application, and shall become parties to such pro- 
ceedings, and shall have their rights adjudicated therein. The court or j ndge thereof, 
in vacation, may, instead of taking the testimony orally or in open court, refer the 
matter to some person to take and reduce to writing the testimouy to the court, or 
judge thereof in vacation, and the person to whom such cause shall be referred for 
that purpose shall have the same power and duties concerning the taking of testi- 
mony and compelling the attendance of witnesses as masters in chancery. [S. L. 
1886, ch. 61, H5.] 

Sec. 1346. Upon the order of the court fixing the time of hearing being made, the 
clerk sball place a certified copy of such order, which order shall contain the names 
of all the parties alleged in application to be interested in the matter in the posses- 
sion of the sheriff of the proper county, which shall be thereupon served upon each 
of the parties therein named in the same manner as a summons, and a return of the 
service shall be made and filed with the clerk within fourteen days after the delivery 
of said order to the sheriff, or if served by any other person, in cases where a SDni> 
nions could bo served, then return shall be made within fourteen days after date of 
order. It shall be the duty of the clerk also to give public notice of such applica- 
tion and order, by publication in a newspaper, if any be printed and in circulation, 
in some county wherein such water district is situated, which notice shall be pub- 
lished at least once each week for two consecutive weeks, and which said notice 
shall contain the date of the filing of said motion, petition, or application, the name 
or names of the parties filing the same, a copy of the order made by the court for 
hearing, and shall notify all parties interested as owners in any ditch, canal, or^reser- 
voir on such stream or streams in such water district, as well as the persons named 
in the motion, petition, or application, to appear at said court, or before the judge 
thereof in vacation, at the time appointed and stated in the order, and that aU per- 
sons interested as owners or consumers may then and there present his, her, or their 
proofs for or against any priority of right of water by appropriation sought to be 
shown by any party by or through any ditch, canal, or reservoir (either as owner or 
consumer of water drawn therefrom), and in case any party mentioned in the motion, 
petition, or application can not be personally served in any county embraced in such 
water district, the published notice above provided shall be deemed sufficient service 
of notice : Provided further, That in addition to such publication thexilerk shall mail 
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snoli pablished notice to each party mentioned in the motion, petition, or application, 
directing the same to the address of such parties as stated in the sworn statement on 
file. Proof of the proper publication shall consist in the sworn certificate of the 
publisher of the paper in which notice is published, to which shall be attached a 
printed copy taken from such paper. [S. L. 1886^ oh. 61, ^ 16.] 

Sec. 1347. Any person or persons who shall knowingly and willfully cut, dig, or 
break down, or open any gate bank, embankment, or side of any ditch, canal, or res- 
ervoir, flume, tunnel, or feeder in which such person or persons may be joint owners, 
or on the property of another, or in the lawful possettsion of another or others, and 
used for the purpose of irrigation^ milling, manufacturing, mining, or domestic pur* 
poses, with intent maliciously to injure any person, association, or corporation, or for 
his or her own gain, unlawfully, with the intention of stealing, taking, or causing to 
run, or pour out of such canal, or reseryoir feeder, or flume, any water for his or her 
own profit, benefit, or advanta^, to the injury or any other person, persons, associ- 
ation, or corporation lawfully in the use of such water, or of such ditch, canal, tun- 
nely feeder, or flume, he, she, it, or they, so offending, shall be deemed guilty of a 
misdemeanor, and, on conviction thereof, shall be fined in any sum not exceeding one 
hundred dollars, and may be imprisoned in the county jail not exceeding six moni^hs, 
or both, at the discretion of the court. [S. L. 1886, ch. 61, J 17. ] 

Skc. 1348. Any party or parties, representing any ditch, canal, or reservoir, or any 
number of parties, representing two or more ditches, canals, or reservoirs, which are 
affected, in common with each other, by any portion of the decree rendered by the 
district court, by which he, she, it, or they may feel aggrieved, may have an appeal 
from said district court to the supreme court, and in such case the party or parties 
joining, desiring an appeal, shall be the appellants, and the parties representing any 
one or more ditches, canals, or reservoirs affected in common, adversely to the in- 
terests of appellants, shall be appellees. The party or parties in such appeal shall, 
within sixty days after the date of the decree, file in the district court wherein any 
decree is entered under this chapter a notice of appeal in writing, stating that such 
party or parties appeals to the supreme court of the Territory from the decree ren- 
dered in the case, or any part thereof. When only a part of the decree is appealed 
from the notice of the appeal should so state, and shall also in that case specify the 
portion or part of the decree appealed from. Upon filing of such notice of appeal the 
cause shall be deemed to be appealed to the supreme court of the Territory : Provided^ 
however^ That the party or parties appealing as aforesaid, shall, within sixty days 
aforesaid, enter into an undertaking, to be approved by the district court, or judge 
thereof, and to be given to all parties in said suit or proceeding, other than the parties 
appealing, and to be in such an amount as the court or said judge shall ^tl, condi- 
tioned that the parties giving their said undertaking shall prosecute their appeal to 
effect, and without unnecessary delay, and will pay all costs and damages which the 
parties to whom the undertaking is given, or either or any of them, may sustain in 
consequence of such appeal. [8. L. 1886, ch. 61, $ 18.] 

Sec. 1349. The order last aforesaid shall be entered of record, and the appellant 
or appellants shall cause a certified copy thereof to be served on each of the ap- 
pellees, by delivering the same to him or ner, if he or she may be found, or othei wise 
serving the same, in manner the same, as may be provided for servijig summons from 
the district court by the laws then in force. [S. L. 1886, oh. 61, $ 19.] 

Sec. 1350. The appellant or appellants shall within six months after the appeal 
be allowed as aforesaid, file in the office of the clerk of the supreme court of this 
Territory a certified transcript of the proceedings had in the case in the district 
court, containing the pleadings and the statements of the parties filed herein and all 
evidence of record offered on the hearing of the cause, or so much thereof as shall 
effect the appropriation of water claimed by the means of construction, enlargement, 
or re-enlargement of the several ditches, canals, and reservoirs mentioned in the 
order allowing the appeal. When the evidence has been taken in the open court, or 
before the judge, in vacatidn, such evidence, or the substance thereof, reduced to 
writing and signed by the judge, or in case notes of said testimony have been taken 
by the official stenographer, a transcription of the same, signed by the stenographer 
and attested by his official seal, filed with the clerk of the court, shall be deemed a 
record of the evidence taken in said court. fS. L. 1886, ch. 61, $ liJO.] 

Sec. 1351. The supreme court, in all cases heard before It under this chapter, shall, 
where it can properly be done, render such decree as the court, or the judge below, 
should have rendered. It may either reverse or modify the decree of the court or 
judge below, and in cases where the decree of the court below is reversed, in whole 
or in part, it may direct the court below as to its further proceedings therein. [S. 
L. 1886, ch. 61, $ 21.] 

Sec. 1352. No claim of priority of any person, association, or corporation on ac- 
count of any ditch, canal, or reservoir, as to which he, she, it, or they have failed or 
refuse to offer evidence, under any adjudication herein provided for, shall be regarded 
by any water commissioner in distributing water in times of scarcity thereof, uLtil 
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such time as such party shall have by application to the court having jurisdiction 
obtained Ifave and made proof of the priority of right to which such ditch, canal, 
or reservoir shall be justly entitled, which leave shall be granted in all cases upon 
terms as to notice to other parties interested, and upon payment of all costs, and 
upon affidavit or petition sworn to, showing the rights claimed, and the ditches, 
canals, and reservoirs, with the names of the owners thereof, against which such 
priority is claimed, nor until a decree adjudging such priority to such ditch, canal, 
or reservoir has been entered, and certificate such as mentioned in section thirteen 
hundred and forty-six shall have been issued to claimant and presented to the water 
commissioner. [8. L. Ib86, ch. CI, $ 22.] 

Sbc. 13r>:i. No iHjrsou, association, or corporation representing any ditch, canal, or 
reservoir shall be permitted to give or offer any evidence before said court until he, 
she, it, or they shall have filed a statement of claim in substance the same in all re- 
spects as is required to be tiled under the provisions hereof. [S. L. 1886, ch. 61, ^ 
23.] 

Sec. 1354. The district court, or judge thereof in vacation, shall have power to 
order for good cause shown, upon terms just to all parties, and in such manner as may 
seem meet, a re-argument or review, with or without additional evidence, of any de- 
cree made under the provisions of this chapter, whenever said court or judge shall 
find from the cause shown for that purpose by any party or parties feeling aggrieved, 
that the ends of justice will be thereby promoted, but no such review or re-argument 
shall be ordered unless applied for by petition or otherwise within two years of the 
time of entering the decree complained of. [S. L. 1886, ch. 01, $ 24.] 

Sec. 1355. Persons desiring to construct and maintain reservoirs for the purpose of 
storing wateY* shall have the right to take from any of the natural streams of the Ter- 
ritory and store away any unappropriated water not needed for immediate use, for 
domestic or irrigation or other beneficial purposes, to()onstruct and maintain ditches, 
canals, flumes, or tunnels, for carrying such water to and from such reservoirs, ditches, 
canals, tunnels, and flumes, in the same manner provided by law for the condemna- 
tion of lands for .right of way for ditches: Provided, No reservoir with embankments 
or a dam exceeding ten feet in height shall be made without first submitting the plans 
thereof to the county commissioners of the county in which it is situated, and obtain- 
ing their approval of said plans: And provided Jurther^ That no such reservoir shall 
be constructed or made in or across the channel of any natural and running stream. 
[S. L. 1886, ch. 61, $ 25.] 

Sec. 1356. The owners of reservoirs shall be liable for all damage arising from leak- 
age or overflow of the waters therefrom, or by floods caused by breaking of the em- 
bankments of such reservoir. [S. L. 1886, ch. 61, $ 26.] 

Sec. 1357. Every witness who shall attend before the court, or the judge thereof in 
vacation, or before the person appointed to take testimony, in the causes provided 
for in this chapter, under subpoena, by request of any party, shall be entitled to the 
same fees and mileage as witnesses in civil cases in the district court, and shall be 
paid by the party requiring his testimony. [S. L. 1886, ch. (il, $ 27.] 

Sec. 1358. It shall not be necessary for any corporation heretofore organized and 
now existing, or for any corporation hereafter organized, under the laws of this Ter- 
ritory, which has heretofore, or shall have hereafter constructed, operated, or main- 
tained any ditches, canals, flumes, tunnels, or reservoirs, or other appropriations of 
water, for the purpose of irrigation, mining, manufacturing, domestic uses, or for any 
beneficial purpose whatever, to incorporate as a ditch company, or companies, if the 
objects or purposes for which such corporation shall have been formed or incorporated, 
imply, permit, or make necessary, or advantageous, such use or uses of water; and 
such corporation for all the purposes of this chapter shall haveallthe rightsof a nat- 
ural person as defined herein, and shall have its rights determined in the same 
manner : Providedy No priority of water right shall take from any city or town the 
water required for the use of the residents thereof. [S. L. lb.86, ch. 61, $ 28. ] 

Sec. 1359. Said water commissioners shall so divide, regulate, and control the use 
of the water of all streams within their respective districts in such manner, as near 
as may be, as will prevent unnecessary waste of water, and to that end such com- 
missioners shall so shut and fasten the head-gate or gates of all ditches so that no 
more water will flow into said ditch than is actually required and will be used for the 
uses or purposes for which such water was appropriated, and any person who may be 
injured by the action of any water commissioner or by his failure to act pursuant to 
this chapter, may resort to any court of competent jurisdiction for such relief as he 
may he entitled to. [S- L. 1886, ch. 61, $ 29.] 

Sec. 1360. It shall be the duty of every person, corporation, or companv, who shall 
construct, maintain, or operate any ditch or canal under the provisions of this chap- 
ter to construct and maintain, at the point and place where the water is diverted 
from its natural channel, some fit and proper obstruction whert-by all fish will be pre-, 
vented from entering said ditch or canal. Any person, company, or corporation vio- 
lating the provisions of this section shall bo adjudged guilty of a misdemeanor, and 
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on conviction thereof sball be punished by a fine of not more than one hundred dol- 
lars or by imprisonment in the county jail not less than ten nor more than sixty days, 
or by both such fine aud imprisonment. [S. L. 1686, ch. 61, $ 30.] 

Sec. 1361. This chapter shall in no wise be construed as impairing or abridging 
any rights already vested in any person or }>er8onH, company or corporation, by vir- 
tue of the law heretofore in force. [S. L. 1866, ch. 61, $ 31.] 

IRRIGATION— APPROPRIATION OF WATER— TERRITORIAL ENGINEER. 

Section 1. There shall be a Territorial engineer, who shall be appointed by the 
governor, by and with the consent of the legislative council ; he shall hold his office 
for the term of two years, commencing on the first day of April, A. D. eighteen hun- 
dred and eighty-eight, and until his successor shall be appointed and shall have 
qualified. 

The governor may at any time, upon good cause being shown, remove the Terri- 
torial engineer, and fill the vacancy occasioned by such removal from office. 

The Territorial engineer shall receive a salary of two thousand and five hundred 
dollars per annum, payable in monthly installments by the Territorial treasurer, upon 
warrants drawn by the Territorial auditor. 

The Territorial engineer shall keep his office at the Territorial capitol, in a room in 
the capitol building, to be set aside for his use by the governor. 

Before entering upon the duties of his office he shall take and subscribe an oath 
before some officer authorized by the laws of this Territory to administer oaths, to 
faithfnlly perform the duties of his office, and file with the secretary of the Territory 
said oath and his official bond, in the penal sum of five thousand dollars, with not 
leas than two sureties to be approved by the governor of the Territory, and condi- 
tioned for the faithful discharge of the duties of his office, and for delivering to his 
sncoessor, or other officer appointed by the governor to receive the same, all moneys, 
books, and other property belonging to the Territory then in his hands, or under his 
control, or with which he may be legally chargeable, as such officer. No person shall 
be appointed as such Territorial engineer who is not known to have such theoretical 
knowledge and practical skill and experience as shall fit him for the position. 

Sec. 2. The Territ.orial engineer shall have general supervision of tbe diversion and 
division of the water of the various natural streams in the Territory, and shall have 
supervision of the work of the water commissioners of the different water districts 
of the Territory, and shall do and perform any and all work for the Territory whieh 
comes within the nature of his profession as an engineer, when called upon by the 
governor to do so. 

Sec. 3. The Territorial engineer shall make, or cause to be made, careful measure- 
ments and calculations of the maximum, minimum, and ordinary flow, in cubic feet 
per second of time, of the waters flowing in each stream from which water shall be 
drawn for irrigation purposes, commencing such work upon those streams most 
used for irrigation ; he shall collect facts and make a report as to a system of reser- 
voirs for the storage of waters in those portions of the Territory where such a sys- 
tem is practicable, stating in such report the location, capacity, and cost of such 
reservoirs ; he shall become conversant with the water-ways of the Territory, and 
needs of the Territory as to irrigation matters, and in his report to the governor he 
shall make such suggestions as to the amendment of existing laws, or the enactment 
of new laws, as his information and experience may suggest; and he shall keep full 
and proper records of his works, observations, and calculations, all of which shall be. 
the property of the Territory. 

Sec. 4. The Territorial engineer shall, on request of any party interested, measure 
and ascertain the carrying capacity of any ditch used for irrigation or other bene- 
ficial purposes, which may be now or which may hereafter be constructed or en- 
larged, and give to the party or parties requiring such services an official certificate 
of the size and carrying capacity of such ditch, expressed in cubic feet per second of 
time, as he shall find it at the time of measuring the same. For such services he 
shall be entitled to receive from the party or parties requiring the same his per diem 
charges, not exceeding ten dollars per day, and his reasonaule traveling expenses : 
Pro'Medy That all per diem charges for such services received by the Territorial en- 
gineer shall be delivered by him to the Territorial treasurer, who shall credit the 
same to the general fund. If the applicant or applicants for such engineer's certifi- 
cate shall state in writing to tbe engineer that the ditch to bo measured is so remote 
from the office of the engineer as to render the expense of the engineei-'s personal ex- 
amination too great, or if in the engineer's judgment such ditch is too far distant to 
prevent him, consistently with his public duties, to make such personal examination, 
it shall in such cases be his duty to appoint some competent civil engineer residing 
in the vicinity of such ditch to make a sworn statement, setting forth the width 
on top and bottom, depth, grade, and slope of the bank of such ditch or its enlarge- 
ment, and all such other data concerning such ditch so to be measured as the Terii- 
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torial engineer shall direct. Such civil engineer shall receive for his services snch 
sum an may be agreed npon between himself and the party requiring his services, bat 
ill the absence of any agreement in writing such compensation shall not exceed ten 
dollars per day and his reasonable traveling expenses. The Territorial engineer shall 
furnish the person so appointed with blank certificates npon which to enter the nec- 
essary data concerning the ditch or its enlargement so to be measured, which blank 
shall be properly filled out and verified by the oath of the party making such meas- 
urements and returned to the Territorial engineer, who shall make his own calcula- 
tions of the carrying capacity of such ditch or enlargement, expressed in cubic feet 
per second of time, and certify to the same. The certificates provided for in this sec- 
tion shall set forth the time of making the measurement, the location of the headgate 
of the ditch measured, the name of the natural stream of water from which such ditch 
draws its supply of water, the width of such ditch both on top and on bottom, its 
depth and grade, and its carrying capacity expressed in cubic feet per second of time, 
aud also the name of the ditch and of the owner or owners thereof, if known.. All 
such certificates shall be recorded at length in the office of the said Territorial engin- 
eer, and copies of such record, duly certified to by the said engineer, shall be received 
in all the courts of this Territory as prima facie evidence of the fact therein set 
forth as hereby required. 

Hicc. 5. The Territorial engineer, with the consent of the governor, shall have 
power to employ assistants at an expense not to exceed one thousand dollars in any 
one year, who shall be paid out of any moneys appropriated for that purpose, on the 
certificate of said Territorial engineer, approved by the governor, showing the rea- 
son for such employment, the services rendered, and the amount thereof, and on 
presentation of such certificate to the Territorial auditor, by the person entitled 
thereto, he shall issue his warrant on the Territorial treasurer for the amount thercM>f 
to be paid out of any appropriations, as aforesaid, and not otherwise. 

Skc. 6. When the Territorial engineer is called away from his office in the discharge 
of his public duties he shall be entitled to his actual traveling expenses, which shall 
be paid out of any money appropriated for that purpose, on the certificate of the said 
engineer; such certificate shall be presented by the said engineer to the Territorial 
auditor, who shall thereupon draw his warrant upon the Territorial treasurer for the 
amount thereof, to be paid out of such appropriation : Provided^ That this section 
shall not be so construed as to authorize the payment of traveling expenses to said 
engineer when called away from his office to perform any of the work mentioned in 
section four of this act. 

Sec. 7. The appropriator of any of the public waters in this Territory shall con- 
struct and maintain, under the direction of the Territorial engineer, a flume or other 
measuring device, at or as near the head of his ditch as is practicable, for the pur- 
pose of assisting the water commissioners in determining the amount of water that 
may be turned into the ditch or the amount that may be by his ditch diverted from 
the stream. In case any owner or appropriator of public waters that have been 
adjudicated upon neglect or refuse to put in such measuring device, after thirty 
days* notice to do so by the Territorial engineer, the said engineer may direct the 
water commissioner, of the district In which the ditch may be situate to put in such 
flume or measuring device, which being done by the water commissioner, he, the 
said commissioner, shall present the bill of the cost of such flume or measuring de- 
vice to the owner or owners of the ditch, and if such owner or owners shall refase 
or neglect, for three days after presentation of such bill, to pay the same, the said 
water commissioner may maintain a civil action in his own name, in any court of 
the Territory, for the recovery of the same, with all accruing costs. Said suit shall 
be prosecuted by the county and 2)roseouting attorney for the county wherein snch 
suit may be brought, free of any charge against said commissioner. 

Sec. 8. The Territorial engineer shall prepare and render to the governor yearly, 
and oftener if required, full and true reports of his work, touching all the matters 
and duties devolving upon .him by virtue of his office, which report shall be delivered 
to the governor on or before the thirtieth day of November in each year, in order that 
the same may be laid before the legislative assembly at its regular sessions. 

Sec. 9. In all cases in which the priorities to the right to the use of the waters of 
any of the streams of this Territory have been adjudicated by any of the district 
courts of this Territory under the provisions of chapter two of title nineteen of the 
Revised Statutes of Wyoming, it shall be the duty of the clerk of the district court 
wherein said adjudication may have been made to forward a certified copy of such 
decree to the Territorial engineer immediately after the rendering of a decree in the 
matter of such adjudication, and for such copy there shall be paid to the said clerk, 
out of the treasury of the cqunty wherein such decree was rendered, compensation at 
the rate often cents for each one hundred words contained in such decree. On re- 
ceipt of such copy of such dfjcree it shall be the duty of the Territorial engineer to 
cause the same to be recorded at length in a suitable book, to be provided lor that 
purpose, and as soon thereafter as practicable to forward to the water commissioner 
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of the water district wherein the stream adjudicated upon is situated a statement 
showing the title of the conrt in which such decree was rendered, the date of the 
decree, the name of each ditch the priority of which has heen hy such decree ileter- 
mined, its capacity, showing the width, de[>th, and grad« of the said ditch and the 
quantity of water per second of time to which said ditch is declared by such decree to 
be entitled, to bo expressed in cubic feet per second of time, and thereafter, in the su- 
pervision qf the distribution of the waters of such streams by said ditches so adjudi- 
cated upon, it shall be the duty of tbo said water commissioner to be guided by snch 
statement. It shall be the duty of the Territorial engineer to procure and cause to be 
recorded iu his office a description of the llume or other measuring device at the head 
of each ditch so adjudicated upon, showing the width, depth, and grade of each flume 
or other measuring device, and to.calculate and determine the quantity of wfbter, ex- 
pressed in cubic feet per second of time, which will flow through such flume or other 
measuring device at various depths, and furnish the proper water commissioner with 
a statement of the same. 

Sec. 10* The water of every natural stream not heretofore appropriated, within 
the Territory of Wyoming, is hereby declared to be the property of the public, and 
the samo is hereby dedicated to the use of the people of said Territory, subject to ap- 
propriation as hereinafter provided. 

Sec. 11. Every person, company, or corporation hereafter constructing, enlarging, 
or extending any ditch, canal, or reservoir for irrigation or other beneficial purposes, 
and inten<ling to use or appropriate any water from any natural stream within a 
water district for such purposes, shall, within ninety days after the comoiencement 
of the construction, enlargement, or extension of such ditch, canal, or reservoir, iile 
and canse to be recorded in the office of the county clerk and ex-officio register of 
deeds of the county in which is situated the district court having jurisdiction of all 
questions concerning the priority of rights to the use of water in such water district, 
a statement of claim under oath, setting forth the name or names, together with the 
post-oflBce address of the owner or owners of any such ditch, canal, or reservoir; the 
name thereof, if any, and if without a name, the owner or owners shall adopt a name 
to be therein stated by which such ditch, canal, or reservoir shall thereafter be 
known ; the number of the water district in which the same is situated ; a description 
of such ditch, canal, or reservoir, as to location of head-gate and the general course 
of such ditch ; the name of the natural stream from which such ditch, canal, or reser- 
voir draws its supply of water; the length, width at top and bottom, depth, grade, 
and carrying capacity thereof, expressed in cubic feet per second of time, as near as may 
be ; the time, giving the day, month, and year when work was commenced thereon 
by original construction, enlargement, or extension, as the case may be, and likewise 
the date when, water was actually appropriated therefrom for irrigation and other 
beneficial purposes; the number of acres lying under and being, or proposed to be, 
irrigated by water therefrom, and a map or plat on a scale of not less than one inch 
to the mile, showing the location of route of such ditch, canal, or reservoir, and the 
natural stream from which it draws its supply of water, and also the legal subdi- 
visions of land through which they flow : Provided, That in case the said statement 
gives the direction or route of such ditch by courses and distances, according to 
the field-notes of the survey thereof, it shall not be necessary to include iu any such 
statement the map or plat above referred to. Such statement shall be signed by the 
person owning sucn ditch, canal, or reservoir, or, in case of a copartnership, by any 
member thereof, for and in behalf of such copartnership, or in case of a corpora- 
tion, by the i)re8ident or secretary thereof, and such statement shall be recorded as 
aforesaid in a book to be kept for that purpose. 

Sec. 12. If the owner or owners of any such ditch, canal, or reservoir shall prose- 
cute the work of construction thereon diligently and continuously until completed, 
and shall otherwise comply with the provisions of law, such owner or owners shall, 
as regards the owner or owners of all other ditches subsequently constructed and 
drawing their supply of water from the same stream, have a priority of right to the 
use of such water from and after the date of the commencement of the construction 
thereof, but not otherwise. The beginnin.<]: of all necessary surveys of such ditch 
shall be considered as the commencement of such work of construction. 

Sec. 13. When the waters of any natural stream are not sufficient for the service 
of all those desiring the use of the same, those using the water for domestic purpose 
shall have preference over those claiming water for any other purpose, and those 
using the water for agricultural purposes shall have the preference over those using 
the same for. manufacturing purposes. 

Sec. 14. The priority of right to the use of such water shall he limited and re- 
stricted to so much thereof as maybe necessarily used and appropriated for irrigation 
or other beneficial purposes as aforesaid, irrespective of the carrying capacity of the 
ditch, and all the balance of the water not so appropriated shall be a,llowed to run in 
the natural stream from which such ditch draws its supply of water, and shall not 
be considered as having been appropriated thereby ; and in case the owner or owners 
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of any sucli ditcb, canal, or reservoir shall fail to nse the water therefirom for irriga- 
tion or other beneficial purposes, or shall refuse to famish any surplus wat^: to the 
owner or owners of lands lying under such ditch as hereinafter provided, during any 
two successive years, they shall be considered as having abandoned the same, and 
shall forfeit all water rights, easements, and privileges appurtenant thereto, and the 
watei-s formerly appropriated by them may be again appropriated for irrigation and 
other beneficial purposes the same as if such ditch, canal, or reservoir had never been 
constructed ; neither shall the owner or owners of any such dit>ch, canal, or reservoir 
have any right to receive from others any royalty for the nse of the water carried 
thereby, but every such owner or owners having a surplus supply of water and fur- 
nishing the same toothers from any ditch, canal, or reservoir as nereinafter provided, 
shall be considered common carriers and shall be subject to the same laws that 
govern common carriers. 

Sec. 15. The owner or owners of any such ditch which carries a greater quantity of 
water than the owner or owners thereof necessarily use for irrigation and other bene- 
iicial purposes in connection with their own lands shall, when application is made 
to them for that purpose, furnish such surplus water at reasonable rates to the own- 
ers of lauds lying under any such ditch for the purpose of reclaiming such lands and 
rendering the same productive, and in case of refusal so to do the owner or owners 
of any such ditch may be compelled by injunction suit to furnish such water on such 
terms as lo the court may seem meet and proper: Provided, That the board of county 
commissioners in their respective counties shall have power, when application is 
made to them by either party interested, to establish reasonablb maximum rates to 
bo charged for the use of water, whether furnished by individuals or corporations. 

Sec. 16. The cubic foot of water per second of time shall be the legal standard for 
the measurement of water in this Territory, both for determining the flow of water 
in natural streams and ditches and also for the purpose of distributing water i^ere- 
from. 

Sec. 17. Nothing in this act contained shall in any wise interfere with any prior 
right to the use oisaid water; neither shall the owner or owners of any snoh ditch, 
canal, or reservoir who have heretofore complied with the laws relating thereto 
enacted by the ninth legislative assembly of Wyoming be required to file any addi- 
tional statement of clftim under the provisions of this act. 
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ITS PHTSICAL FEATURES ANJ> CHAEACTEEISTICS. 

POSSIBLE EVIL EFFECTS— PRINCIPLES OF LEGISLATION IN ANCIENT 
TIMES— ITALY— SPAIN— FRANCE — MEXICO-A USTRALIAN LEGISLA- 
TION— BEAKINS' REPORT— EGYPT, 

PART VI. 

Irrigation of land ia an art that existed for many centuries previous 
to any authentic written history. The traditions of the Chinese people 
are very ancient, and irrigation is mentioned in their eariiest history as 
extensively practiced. In Egypt, Syria, and the ancient kingdoms of 
Eastern Asia agriculture depended almost wholly upon irrigation, and 
still so depends in those countries where the people have survived the 
political changes of thousands of years. The irrigation of gardens, 
vineyards, and fields is frequently mentioned in the Scriptures ; one of 
the earliest books speaks of it, and one of the prophets refers to *' fur- 
rows of the plantation.'' The systems adopted in California, Texas, 
New Mexico, and Colorado are of ancient origin, and are copied from 
ancient models. They are not the best, but they are cheap and easy of 
construction. The settlement of the drier regions of our territory adds 
another instance to those of past history. The actual history of irriga- 
tion in the United States begins with the construction of the Pacific 
railroads. 

The enormous sums expended by the British Government in India in 
irrigating works, and the profit derived from them will serve to sus- 
tain the arguments put forth by Mr. Cole and others, that while Great 
Britain is engaged in India not only in the construction of reservoirs 
for the storajsre of the waters and streams, but for gathering in the 
rains and dews for the purposes of irrigation, spending millions an- 
nually in such works, and in keeping them in repair, our own country, 
possessing vaster domains than any nation of the world, and of incom- 
paixible value, has only to enter upon her own possessions and, by 
trenching her mountain sides, beget reservoirs as enduring as the foun- 
dations of the earth. 

USES, ABUSES, AND REMEDIES. 

The late Hon. George P. Marsh, for many years United States min- 
ister to Italy, in an exhaustive article on " Irrigation, its Evils, 
THE Remedies, AND the Compensations," treats on all the phases of 
this important subject. In this article Mr. Marsh refers to the customs 
and laws governing the use of water in every country of Europe. The 
methods of accumulating and distributing the water of precipitation, 
and of flooding springs and streams for agricultural purposes, are read- 
ily accessible, and in the practical employment of the system our engi- 
neers and the ingenuity of our people will, he says, no doubt overcome 
any special difficulties arising from the peculiar geographical and me- 
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teorological featares of oar territory. The social, legal, sanitary, and 
financial aspect of the subject in its application to extensive tracts of 
cultivated land are not familiar to the American public. He says, cau- 
tions of a not altogether obvious nature are more needed than instrac- 
tion on points of practical method, or of adaptability to particular 
branches of agriculture. He points out the evils and difficulties of the 
practice of irrigation, and suggests precautions against the occurrence 
of these evils and the means of palliating them where they are to some 
extent inevitable. In the introduction of new systems of industrial or 
rural occupation in a scale large enough to affect the rights and inter- 
ests of whole classes of the population, equal regard should be paid to 
the good of every class, and on all such occasions the moral, social, and 
sanitary consequences of great changes in the habits and employments 
of large bodies of the people is of more consequence than the merely 
financial results. In this, as in most questions of political economy, is 
encountered the great enigma of the right relation between capital and 
labor, and there are not many instances where these relations are more 
unsatisfactory than in the employment of irrigation on the great scale 
in which it is practiced in many parts of Europe. Mr. Marsh says the 
tendency of irrigation in the Old World as a regular agricultural method 
is to promote the accumulation of large tracts of land in the hands of 
single ])roprietors, and consequently to dispossess the smaller land-hold- 
ers. Where a district derives its supply of water for irrigation from a 
single stream or lake not practicably inexhaustible, the interests of 
production require that the husbandry of the entire district be admin- 
istered in a uniform or harmonious system, and consequently that the 
control of the source of water-supply be vested in a single head ; for it 
is obvious that each land-holder can not be allowed to draw off at his 
pleasure and appropriate to his own use the whole current or such parts 
of it as may suit his convenience. The cause, capacity, and channels 
of division and of final discharge must be determined by some common 
principle, and adapted to the branches of husbandry best suited to the 
soil and climate. The agricultural economy of each farmer must re- 
main substantially fixed and invariable, and even so simple a thing as 
the rotation of crops would be almost impracticable, because it would 
be impossible to change the whole system of supply. The canals of 
diversion and distribution once established, the net- work must remain 
immutable, "as the arteries and veins of the human system." The 
measurement of flowing water and its diversion between different occu- 
pants are matters of extreme complexity, and jealousies and dissen- 
sions often arise between neighboring claimants in regard to the as- 
certainment of the quantity rightfully belonging to each and the amount 
actually withdrawn by each from the common source of supply. The 
consequence of these interminable vexations is that the poorer or more 
peaceably disposed land-holder is obliged to sell his possessions to a 
richer proprietor, and the whole district gradually passes into the hands 
of a single holder, family, or corporation. In the large irrigated plain 
lands of Europe real estate is accumulated in vast tracts of single 
ownership, and farming is conducted on a scale hardly surpassed in 
England or even on the almost boundless regions of our own West. In 
illustration of this Mr. Marsh states that ten years ago a single pro- 
prietor exhibited at an agricultural fair at Modena one hundr^ yoke 
of oxen from his own estate. There are doubtless, he says, considera- 
ble economical advantages in the system. The unity of administration 
tends to increase production as well as to diminish the cost, but the 
evils more than counterbalance this advantage. Pliny, the elder, com- 
plained eighteen hundred years ago that great farms had been the ruin 
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of Italy, Next in importance to the moral and social aspects of tlie 
system comes the question of the effects of irrigation on the health of 
the population employing it in certain branches of agriculture where 
water is largely used. The fact is established that the miasmatic ex- 
halations are highly deleterious. The rice grounds of iiombardy are 
almost as destructive to health as those of Georgia and other Southern 
States. All irrigation, Mr. Marsh says, except where the con figuration 
of the surface and the character of the soil are such as to [iromote the 
rapid draining of the water^ or where special precautions are provided 
against its influence, is prejudicial to health. The increased dampness 
of the atmosphere is injurious to the respiratory system in some locali- 
ties, and in others the exhalations from the watered soil and moistened 
manure tend to develop malarious influences, and aggravate, if not oc- 
casion, febrile diseases. Mr. Marsh says, in a foot-note: 

There is no doabt the insalubrity of Rome is greatly aggravated by th.6 abundantly 
irrigated gardens within the walls of that city, and the increased prevalence of mala- 
rious fevers in the neighborhood of New York and other American cities is due to in- 
creased extent of market gardens, and consequently of irrigated lands in their vicin- 
ity. 

INFILTRATION OP THE SOIL. 

Mr. Marsh notices the purely physical evils which he regards as in 
many cases inseparable from this system of husbandry, and says the 
first and most obvious eflect of withdrawing water from its narrow nat- 
ural channels and distributing it over the surface of the earth is a great 
increase in the humidity of the soil watered, a like increase in the evap- 
oration from it, and a corresponding reduction of the atmospheric tem- 
I)erature, as in other cases of evaporation. The water imbibed by the 
earth is generally estimated at about one-seventh of the quantity ap- 
plied. This may not be suflicient to affect the consistence of the soil to 
a serious degree, but of the remaining six-sevenths the portion not car 
ried off by evaporation, employed to irrigate lands at a lower level, or 
discharged into running streams or lakes, frequently produces a very 
l)rejudicial effect on the soil of adjacent lands over which the water flows 
or into which it percolates. Thus, he says, the infiltration of the super- 
fluous water from the rice grounds of Lombardy sometimes renders the 
lower fields adjacent unfit for any other husbandry to a distance of miles 
from the laud flowed for watering the rice. The division of brooks and 
rivers and the final discharge of the current by remote outlets tends to 
deprive the district originally watered by it of their proper supply, and 
while on the one side considerable tracts of land are sometimes drenched 
with superfluous moisture, on the other water courses large enough to 
drive mills and other machinery may be laid dry and their fish de- 
stroyed, and even the subterranean conduits from their beds which fed 
the springs and wells at lower levels may cease to flow. 

Irrigation always compacts and hardens the soil, and frequently to a 
very inconvenient degree. This, of course, increases the labor both of 
plowing and the subsequent tillage with hoe or cultivator, and farmers 
are tempted to rely too much on the fertilizing power of irrigation, and 
consequently to use little manure, a liberal application of which renders 
land less liable to become hard and tenacious by watering. A general 
opinion prevails that water employed for irrigation dissolves some of 
the fertilizing ingredients of the soil, and carries them with it in its flow 
or percolation through the adjacent fields into which it escapes. This 
opinion was controverted by Liebig, who taught that none of the ma- 
terial constituents of vegetation were thus abstracted by water, and that 
view has been confirmed by other observers. But later experiments 
appear to show that the doctrines of Liebig and his followers are not 
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strictly true, for mineral and vegetable snbstances, which enter more or 
less into the food of plants, have been detected in the field, drains, and 
other corrents from cultivated soils. There is, however, no BatisfiEtctory 
evidence that land is impoverished by irrigation, though the consist- 
ence of the soil may be sometimes affected injuriously. The increase 
of the natural humidity of the soil provokes the growth of aquatic 
weeds, and in all fireely irrigated lands the borders of the channels of 
distribution are fringed with water-plants, in spite of all efforts to de- 
stroy them. Jn many localities irrigation can not be carried on upon a 
great scale without the construction of large reservoirs. The objections 
to these arise from the fact that it is almost impossible to make the re- 
taining dams or walls sufftciently secure to prevent the waters from 
ultimately bursting their barriers and overwhelming the country below 
with ruinous desolation. Works of hydraulics are full of examples of 
such ca^lamities. 

THE NEED OP CASE AND CAUTION. 

The quality of the grain roots and other vegetables cultivated by irri- 
gation is a point of importance, and Mr. Marsh says he has not fonud 
the meal of Indian com or other cereals produced by irrigation less 
sweet or less nutritious than that produced on un watered fields. There 
are, he says, economical obstacles to irrigation, as it is seldom practi- 
cable without considerable outlay. Dams, dikes, artesian boring ma- 
chines, pumping-machines, reservoirs, aqueducts, and canalc^ are some 
of them indispensable where irrigation is employed at all extensively. 
The ground must be prepared to permit either a flow over it or its 
gradual absorption and infiltration, and a good deal of labor is required 
in the way of grading before irrigation can be practiced with advan- 
tage. On the Alps irrigation is practiced almost up to the limit of per- 
petual frost. The water of the melting snows at its low temperature 
is conducted immediately over the grass. There is danger, too, of enter- 
ing into the system without previous careful inquiry as to the suflScieucy 
of supply, and this involves experiments varied and long continued to 
determine. There is another suggestion to make in estimating the eco- 
nomical value of irrigation — namely, that in some parts of our own 
country production is now overabundant, and needs repression rather 
than enlargement. Mr. Marsh says : '' From all this it will be obvious 
that considerable evils attend the practice of field irrigation, and tbey 
would be sensibly felt in its introduction in a country which stands iu 
no special need of such a resource for increasing its agricultural pro- 
duction." The object of Mr. Marnh in pointing out these evils has been 
to inculcate the necessity of caution in attempting a revolution in our 
agricultural methods, but by no means to discourage careful study of 
the subject, or judicious experiment in appropriate localities. 

He points out the necessitv of taking especial care that water shall 
not be allowed to stagnate and poison the air. Hilly and winding slopes 
admit of a simple and efficient mode of irrigation, or a substitute which 
is not available on level soil. This method has been practiced with suc- 
cess in many parts of the United States, where it is known by the name 
of "circling." It consists in horizontally terracing the slopes, or fur- 
rowing them with the hill-side plow, and leaving the surface perm» 
nently in this condition. 

The duties of the general and local governments of the United States 
in this branch of rural economy are by no means confined to the simple 
protection of nature's waters from private encroachment. Govern- 
ments ought to take steps for collecting and diffusing all knowledge 
on the subject, and by encouraging and aiding experiments and by 
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special inqouy into the physical couditions and capabilities, the wants 
and the means of all our territory. Much of the practical information 
needed may be gathered from European experience and by the study 
of the methods employed in those exceptional parts of our territory 
where irrigation has been long practiced. 

Mr. Marsh, speaking of the stupendous net- work of canals lately con- 
structed by the British Government in India, says : 

There are serious objections to the assumption of such burdens and responsibilities 
by republican government, but there are insuperable objections to any other system. 

The literature of biuropean legislation, customary law, and judicial action on this 
subject is voluminous enough to form a library of itself, and of late years much has 
been done to lighten the labors of research on water questions, and to facilitate the 
application of Taw by codification and completion of digests and compends by private 
jurists. 

Mr. Marsh says he is thoroughly convinced, after much observation 
and inquiry, that irrigation may be immensely extended among us with 
great commercial advantage, and that by reasonable prudence, and, 
above all, by a suflBcient exercise of moral courage by our rulers, 
nearly all the evils which ordinarily attend the practice may be avoided 
or at least greatly mitigated. 

On this subject the International Encyclopedia says : 

The ancient works for irrigation were stupendous. The canal of the Pharaohs, 
which connected Pelusuim with the Red Sea, was an irrigating canal. There existed 
a work in Arabia long before the time of Solomon, whicn in some respects excelled 
all works of the kind, modern or ancient, and corresponds well with the fact that the 
Arabians of that time were among the first mathematicians. In Yemen, Arabia, 
there was an immense reservoir for holding water for irrigating the valley of Mareb. 
The reservior was made by a dam 2 miles long and 120 feet high. It was constructed 
of immense blocks of ashlar, and was so durable as to serve the purpose for which it 
was built more than two thousand years. It then gave way, scattering ruin in the 
course of the torrent which it let loose. 

It must be borne in mind that one of the best examples in modern engineering is a 
dam in France across the Fnrens which is 164 feet high bnt only 328 feet wide at the 
top. This work almost sinks into insignificance when compared to the ancient 
Arabian dam. 

The plains of Assyria and Babylonia were intersected with a system of canals both 
for irrigation and navigation. In many of them water was raised by mechanical 
means somewhat like that practiced at present in Egypt. 

The ancient Peruvians and Mexicans constructed immense aqueducts for irrigation 
purposes whose existing remains, now partially used, astonish the traveler. The 
same may be said of China. 

THE WATER LAWS OP OLDER LANDS. 

Rome, it may be said, once raled all the countries of southern Eu- 
rope, northern Africa, and western Asia, where irrigation had its birth 
and its greatest development in ancient times. Like air, water was 
regarded as a necessity to human life, of which every one might use so 
much as was requisite for personal requirements, but which was not ca- 
pable of appropriation to private ownership farther than in this suffi- 
cient quantity. Streams, rivers, ponds, etc., which were not in private 
ownership were regarded as things which belonged to the people as a 
nation. The roads and rivers were specially counted as public things 
by the Romans. The codes authorized the use of the rivers as ship- 
ways, or for fishing, but the ownership itself was vested in the state. 
They were not the property of the ruling sovereign, but of the sovereign 
power of the people collectively, each one of whom could use them as 
his own, but might not injure, neither segregate any portion or constit- 
uent part of them for his own. And this right was extended to all, 
whether Roman citizens or not, who were at peace with Rome. 

Public rivers are defiued to be such as were perennial or ever flow- 
ing, but if located through private lands were not the property ^of the 
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public unless navigable or capable of being made so by improvement, or 
from some other cause of public importance. A river wa« distinguished 
from other streams by it-s greater volume or more considerable local 
importance. 

The bank of a river commenced at the limit of the spread of the 
waters at high tide, but when lands were not inundated, land below 
that line was property in public or private ownership, in Uie case of 
navigable rivers, and all streams which were public property, the beds 
belonged to the state. Should the waters leave the channel and take 
another, the river was considered to have moved, and the old bed be- 
came the property of those whose lands were taken for the new channel, 
while lands taken for this new channel became part of the pubhc prop- 
erty — the river. In the case of non-navigable rivers and streams not 
regarded as public, situated on private property, the beds belonged to 
the riparian proprietors. While the beds were covered with water the 
rights of the rroprietors were suspended, but revived when the waters 
receded. The banks of the public river might belong to the riparian 
proprietor to the extent that he had the right to take the fruits, cat 
the bushes, and fell the trees which grew thereon, but not so as to preju- 
dice the use of the river or its banks by the public. 

The public had a right to the use of the banks of navigable rivers, 
so that a qualified ownership of the soil of such banks was all that 
could be acquired by private persons. The owner of lands which were 
bounded by a ditch or wall following near the bank, or by a public road 
on the bank of a public stream, was not a riparian proprietor; to be 
such, his lands had to be bounded by the stream itself. Roman law 
made a marked distinction between rivers and other streams and the 
waters thereof. A river-bed and the water was each regarded as a pub- 
lic thing, the property of the state, necessarily excluded from private 
ownership, control, barter, or sale ; the use of both was to be enjoyed 
by all. 

The water of the river was the property of the people in common, and 
each, if the enjoyment of the public property would not be impaired, 
might divert a portion of the water from its natural channel for other 
purposes than those of his own domestic necessities. 

The state was guardian of the common property, the water, and no 
person could use more than sufficient for his individual necessities and 
those of his family and cattle without a special i)ermit. In the case of 
water sources and water- courses which were susceptible of private 
ownership, the right to use their waters for purposes other than the sup- 
ply of the immediate animal necessities pertained primarily to the owners. 

Springs and brooks being situated on private lands constituted parts 
of such property, but the water itself while running in its natural chan- 
nel was the property of all the people. The banks and channels of pub- 
lic rivers were specially guarded from injury ; the construction of works 
or the placing of obstru<5tions, by the effects of which the current 
might be made more or less rapid, was forbidden. The construction of 
works upon the bank or in the channel of a public river, whether tiav- 
igable or not, whereby either the high or low water flow would be 
affected, was also forbidden, and works which might have an effect 
such as described, erected without authority, were removed or abol- 
ished at the expense of the constructor. 

It was declared lawful, however, for ripaiian proprietors, or those 
who lived near the bank of the public river, to erect works for the 
protection of a bank, provided that navigation was in no way impeded 
thereby, and that the river or the other bank was not injured. If 
damage resulted from any such work an official examination was made, 
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and the works were removed or ordered changed, and security for ten 
years was exacted from their owner or constructor. There was a pro- 
vision concerning the protection of river banjos, whereby it was lawful 
for riparian proprietors to construct works for the repair or protection 
of the bank adjacent to their property. 

If damagawa^ threatened by such works to the lands of another, a 
writ of inquiry was ordered, and security was exacted for ten years 
against the results of such possible damage. 

The diversion of water, whether of iioods or low-water flow, from 
public rivers, reservoirs, or tanks, without the sanction of a special 
privilege in each case, was prohibited. 

The water privileges were of two kinds: First, those granted to indi- 
viduals, of water for use on individual lands ; second, those affecting 
water for public use. When a joint right to divert was issued to sev- 
eral persons, the division of the water was left to those holdiiig the 
right. The use to which water was to be put was not always stipulated 
in grants, provided that it was to be used in good faith and not wasted. 
The user of water was liable for damages *' by reason of anything done, 
dug, sown, delved, or built, whereby the river was corrupted." It was 
declared that water privileges should be "exercised in such a manner 
as not to damage other persons having similar rights.'' 

Iramemoiial possession and use of running water by a private indi- 
vidual, as for the operation of a mill or in irrigation, gave prescriptive 
rights to the continued enjoyment of such use. 

No possessor of water, though having held it from time immemorial, 
had the right to use it wastefully to the prejudice of others. 

Springs on private lands were the property of the land-owner, on the 
principle that to such proprietor belonged all above and all below the 
land and all it produced. The right to use spring water might be ac- 
quired by others by agreement or prescription. 

Spring waters flowing off, joining with other waters, and forming 
brooks on other lands, became common property, but their use was dedi- 
cated to the owners of the lands along their course, so that such waters 
for purposes of diversion belonged to these riparian proprietors. 

Water rising out of the ground on a private estate, as being a part of 
the spring, was the property of the owner of the land ; l)ut when" any 
portion of such water had escaped from the tract where it came to the 
surface, it became a common property of all the people. But so long 
as it remained in channels on private estates only the owners of the 
banks of its channels could divert it from its course and use it, except 
this right should have been acquired as a servitude. 

But even these bank proprietors could not divert such waters if in so 
doing other proprietors were injured. 

Water drawn from its source or diverted or drawn from its course 
into an artificial and private channel, or when stored in a reservoir or 
tank, itself in private ownership, became private property. 

The user might do with it as he chose, providing his use was in good 
faith — not wasteful. The rights to draw water from a private spring 
or stream by others than its owners, and to conduct waters across lands 
owned by others, ranked as servitudes. A predial servitude under 
Eoman law was a definite right of enjoyment in some particular respect 
of one person's property by the owner of other adjoining or neighboring 
property.' Such a servitude could be held only as an appurtenance to 
land owned, being called predial because it could not exist without an 
estate. 

The right of passage across the lands of another and the right of con- 
ducting water through such lands appear to have been recoguized as 
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indisputable privileges from the earliest times of the Romau jurispm- 
dence. 

The right of way to construct a canal or other conduit through the 
property of another, and to lead the waters through it, was one of the 
chief rural servitudes. The right to take water through the property 
of another in a ditch or other conduit could be acquired by prescrip- 
tion use for a long period of years, or by agreement, or, in the case of 
public works, title to the land necessary could be acquired by expro- 
priation and payment therefor. When acquired as a title, of course 
the right was complete. When as a servitude, the right was accorded 
for a certain purpose only. A right to draw and use water from another's 
spring or rivulet might be imposed by agreement or prescription as a 
servitude thereon. 

MODERN ITALY. 

'^In northern Italy the waters of all streams, whether navigable or 
non-navigable, appertain to the royal or public domain." The old estab- 
lished claim of the cities, communes, and associations of proprietors and 
of noble individuals in Lombardy to the supplies of water which they 
had for long periods of time actually utilized, having been recognized, 
the Government asserted and maintained its ownership to all natural 
streams, whether navigable or not. 

Diversions of water under the old claims were subjected to Govern- 
ment regulations, but when the Government had come into control of 
the streams, so many claims had grown up that the proprietorship of the 
state was almost a barren one. 

In Piedmont the right of property in all running water was reserved 
to the state. This reservation applied not merely to the large class o 
rivers, but also to the streams and torrents, the water of which could 
^bnly be used under specific grants from the Government. After all 
Italy had been brought under one Government there was promulgated 
in 1865 the code of Victor Emanuel, of which article 427 is as follows: 

The national roads, the shore of the sea, the harbors, bays, coasts, riyers, and tor- 
rents, the gates, the waUs, the ditches, the bastions of iorts and fortifications form a 
part of the public domain. , 

This provision of the code of 1865 is the law now in force in Italy, and 
under it all running waters, except those of very small streams, are 
claimed as property of the Government, representing the people as a 
nation; and they are administered very much as are the waters of the 
navigable streams of France. 

Navigability itself was a ruling consideration in France, while a volume 
of water for irrigation was the point of importance which made the stream 
one of public utility in northern Italy. As a matter of fact, in northern 
Italy every stream of perennial volume, other than very small stream- 
lets, is regarded as a river; and every stream of intermittent flow from 
the rain-fall or melting of snows, except the smallest, is regarded as a 
torrent. 

The principle that ownership of the land carries with it all benea|)h 
its surface and all it produces has prevailed from the times of the earliest 
recorded laws in all the north of Italy. Waters rising out of the soil 
have always been regarded as the absolute property of the owner of the 
soil so long as he retained them within the bounds of his estate and did 
not permit his title to sufler abridgment by allowing some other proprie- 
tor to acquire a prescriptive right to the use of the waters. The springs 
always remain the property of the owner of the soil, but the right to use 
their waters may be wholly alienated and held by the owner of some 
other property. The principle as to ownership of a spring is the same 
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in all Italy as it was for Piedmont and other parts of the Sardinian 
Kingdom. 

As the law now stands in all Italy, the owner of one or both banks of 
a little stream may nse its waters in irrigating his riparian lands, bnt 
he mast restore the drainage and residue of it to the ordinary channel : 
while he who is not a riparian proprietor can not take such waters at all 
without the consent of all the riparian proprietors ', nor can any one 
riparian proprietor assign his right to water from such a stream to any 
one else. 

The riparian right to divert waters from a stream is confined to the 
case of very small streams, and is scarcely known in the valley of the 
Po. During the times of the ownership of the streams and waters by 
the sovereigns of the states, and by the petty feudal rulers, and by the 
sovereign power of the states, as the representatives of all the people 
in each case, the right to divert water from any river or torrent could 
only be acquired in the states of northern Italy by special grant or con- 
cession of privilege made on a formal application, after due examination 
and consideration of all the interests to be affected. And now that the 
country is united under one government, and the waters belong to the 
royal or public domain, the same rule, and substantially the same for- 
malities in applying it, exist. 

It appears that the policy of the rulers in Lombardy, until the later 
years of its existence as a separate state, has generally been either to 
dispose of the waters of its streams in absolute property by gift or sale 
to those who constructed the canals to lead them out, or itself to con- 
struct such canals and sell the waters directly, or indirectly through 
farmers of the. canal revenues, to the irrigators. The Government of 
Piedmont has generally been more conservative in the care of its waters. 
Absolute grants of ownership of waters ceased in that country before 
the beginning of the presentcentury. Water privileges for all time havd 
been issued, but the full right of regulation was reserved to the Gov- 
ernment, and the cession of .proprietorship in the water was expressly 
disclaimed. There are, however, important works whose proprietors 
have absolute rights of ownership in the waters, acquired in the cent- 
uries gone by. During the later years of the existence of the Pied- 
montese Government its waters were disposed of only on long-term 
leai^es. This last-mentioned policy is that pursued by the Government 
of Italy since it has supplanted those of Lombardy and Piedmont, the 
duration and terms of concession being similar to those of France. 

FRANCE. 

While under the dominion of Eome all matters pertaining to the 
streams and waters of the country now called France were subject to 
Eoman law. Long before the close of the Koman rule the people had 
the full protection due citizens of Rome, so that at the time of the con- 
quest of Gaul by the Visigoths (A. D. 470 to 480) there was much land 
held in individual ownership, with the consequent private rights, on 
small streams ; but under the Merovingian kings the freehold titles to 
land disappeared, property was held by a different tenure under the 
sovereigns, and all rights of ownership in water-courses and waters was 
vested in the rulers themselves. The feudal system then grew up, and 
the water^courses, from having belonged to the nation and the people, 
or to private individuals, under Eoman law, and then exclusively to 
kings under Merovingian rule, became dependencies upon the liefs of 
the feudal courts, who assumed almost complete ownership^ of and con- 
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trol over them. A 'straggle was ever present between these nobles and 
the kings for the control of the water-courses, and the conflict did not 
cease until the Government had become centralized and feudalism over- 
thrown, during the fourteenth century. In that century the study of 
the Roman law was actively reviewed in France, and feudalism being 
on the decline, the Roman law recognizing ownership of streams not of 
public importance, non-navigable streams, by the riparian proprietois 
became incorporated into the law of France. 

The kings asserted their ownership of all navigable streams and left 
the control and virtual ownership of non-navigable ones to the bank- 
owners, but really without any formal lawb upon which to ground their 
claim of tif le to them. The public possessions of the kings held for the 
beneflt of the nation became known> as the ^' public domain." This 
policy of holding fast to all the nation's property is still adhered to by 
the Government, so that water-courses and waters once declared navi- 
gable and raftable can never be alienated from the public domain and 
become in any sense private property. 

The changes in the form b( government occurring a little less than 
a century ago appear to have resulted in no completed action affecting 
the laws or customs respecting waters until 1803-'04, when the Code 
Napoleon, which is the present civil code of the country, was promul- 
gated. The only direct statement relating to the ownership of water- 
courses or waters in this code is as follows : Highways, roads, and 
streets at the national charge, rivers and streams which will carry floats, 
shores, ebb and flow of sea (the land newly made by the sea), ports, 
harbors, roadsteads, and generally all portions of the national territory, 
which are not susceptible of private proprietorship, are considered as 
dependencies on the *' public domain.'' A royal ordinance of 1835 enu- 
merated all the streams and parts of streams in France deemed naviga- 
ble and claimed as of the public domain, and other ordinances of later 
dates have added to the list. 

The sovereign authority to declare streams navigable, and hence part 
of the public domain, has not been disputed, but riparian proprietors 
who have been dispossessed of their right to water for irrigation, by the 
exercise of this power, have claimed and been allowed indemnities for 
actual damage caused them. Although only certain streams and parts 
of streams have thus far been added to the public domain, the admin- 
istration may at any time declare other streams or parts navigable or 
raftable, and thus make them public propepty, afterwards paying the 
riparian proprietors for actual damage. The state owning these water- 
courses is, of course, owner of the waters forming them, and these, with 
the beds, are alienable from the public domain ; their use only can be 
granted. According to the terms of the civil code, water-courses not 
navigable are common property. If the ownership of non-navigable 
waterc-ourses can not be fixed elsewhere, then these streams belong to 
the nation, just as well as do those which have become part of the 
public domain. 

Riparian proprietors claim the ownership of the channel bed to the 
center line in front of their property, and the claim is allowed, when 
the beds are permanently laid dry from any cause; alluvial deposits 
along their banks accrue to the benefit of the land-owner adjacent to 
whose field they form ; islands forming in the channels belong to the 
adjacent bank owners, and prior to the passage of a law specially to the 
point in 1847 the owner of one bank, although he might have secured ad- 
ministrative authority to build a dam in front of his own property, could 
not carry it past the center of the stream, or connect it with the opposite 
bank, without the consent of the bank owner. Until very recent years 



CHANGES MADte BY THE CODE NAPOLEON. 275 

ihe beds of streams of this class belonged to and were under control of 
riparian proprietors, except where the Government has exercised a su- 
pervision of works and channels to insure a free flow for flood waters. 

The waters of non-navigable and non-raftable streams were formerly 
<5laimed as the private property of the riparian proprietors. Their 
origin and divisiog and the necessarily common control of the streams 
upset this theory. Then they were claimed by these proprietors as a 
43ort of property held in common by them for the exclusive benefit of 
their lands and industries. It was and is still claimed by the owners 
of lands not bordering the streams that the waters belong to the whole 
people of France ; and while the riparian proprietors are given a right 
to use them in irrigation and otherwise, it is not exclusive, but the Gov- 
-ernment can gr^nt concessions for the use of some part of th^m on lands 
not riparian, so long as rights already accrued by use be not unduly or 
injuriously limited or their exercise inconvenienced by such action. 
The riparian proprietors now say, if the waters belong to the nation, 
they, the bank owners, have a special and complete servitude on all such 
waters, which right to use is continuous and not forfeitable by fail- 
ure to avail themselves of it at any time or any length of time, except 
.as between themselves. The fact of the ownership of the waters of 
non-navigable and non raftable streams by the nation is now pretty 
well settled, and the tendency of decisions is towards a declaration of 
ownership by the nation of the beds also so long as occupied by the 
waters — so long as they are coulees for public waters. 

Starting several centuries ago with almost complete ownership and 
control of the waters and channels of the streams not navigable nor 
raftable the riparian land owners have since been restricted in their 
rights, and now find themselves without any recognized claim of owner- 
ship in the waters, and only a semblance in the channel beds, until after 
these shall have been laid dry, but with a preferred privilege to the use . 
of the waters. 

We find irrigation constantly favored in the laws in preference to 
manufacturing and many other uses of waters, domestic necessities and 
navigation alone ranking it in the scale, and the first of these two uses 
being the only one decidedly preferred to it in the administration of the 
laws. 

On non-navigable and non-raftable streams the administration in the 
theory interferes with private operations conducted by those who as ^ 
bank owners have rights on the streams under the ancient usages and 
civil code to regulate works in the channels or on the banks with a 
view to preserving the channels in the interest of the public and for 
developing a free passage for fiood waters, and with the view of pre- 
serving the interests of navigation on the main stream below. 

On the water-courses of the public domain the policy of the Govern- 
ment is actuated by a solicitude for the interests of navigation, and then 
by an almost equal interest in promoting the economical and full use of 
the waters in agriculture, manufacturing, and industrial pursuits gen- 
erally, and finally by a realization of the pressing necessity for promot- 
ing the arterial drainage of the country, in order that floods may be 
prevented and valuable lands reclaimed. 

On non-navigable water-courses the administration is not authorized 
to interfere between the owners of works already constructed and those 
proposed or newly constructed. The administration is bound to pre- 
sume that the proprietor of lands on streams has a right to water there- 
from, and can only interfere to the extent of regulating his works. 
The engineers can advise the parties in interest and bring before them 
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all the facts as to measure of water supply and extent of use, etc., hxit 
if on such showings agreements can not be arrived at, the administra- 
tion has no alternative but to sanction the construction of any new^ 
work proposed, provided the work itself is unobjectionable, leaving the- 
court to decide whether or not the new appropriator is entitled to water. 
On navigable streams the administration is invested with full powers, 
not only to regulate works of all kinds, but to consider all questions 
relating to water privileges. In case of both classes of streams the 
engineers are charged with the duty of collecting and arranging data 
respecting the supply and use of waters. 

The construction and management of all public works except those 
specially confided to the minister of war, of the navy, of education, or 
posts and telegraphs, and some others are delegated to the secretary or 
state or minister of public works. The care of all waters and water- 
courses, whether of public domain or not, their control and the control 
of the acts of individuals on their banks, are regarded as of public coa- 
cern, and the administration thus has to do with all affairs affecting 
streams. It is now the intention of the Government that all water- 
courses of public importance in France, whether navigable or raftable,. 
and consequently of the public domain, or not floatable even for rafts^ 
and timber, but which are of public utility, shall be subject to the su- 
pervising care of special agents of the Government called guards. On. 
non-navigable streams the guards are generally appointed on recom- 
mendation of the riparian owners, and others interested. 

No work of any kind, sort, or description may be erected upon a navi- 
gable stream or river floatable for rafts, or timber, or upon any stream 
so declared, nor can any water be taken from such streams, except it be 
taken in a bucket or other similar hand vessel, without the project for 
which it is required and the plan by which it is to be constructed, if a 
work, or used, if a water privilege, having been first submitted to the 
administrative authority and publicly made known, so that it may be 
opposed, if necessary. Older rights and those of industries most need- 
ful are always protected in the administration of affairs from day ta 
day; but no right is so old or use so pressing that its owners have the 
power to control the diversion of the people's water, or use it in a waste- 
ful manner, or in any way hinder the full development and prosperity 
of other institutions dependent on water supply. 

It is on rivers and portions of rivers where it has become necessary to 
construct dams for navigation, and those still higher, which have been 
dammed for purposes of flotation, that water privileges are chiefly 
sought after for power purposes, irrigation, municipal supply, and in- 
dustrial use. Such water-courses are public property, under full con- 
trol of the administration. Non-navigable tributaries of navigable 
streams, and these streams themselves above the points where they be- 
come navigable, are also under the control of the administration. Still 
or stagnant waters, those draining from marshes and ditches, that have 
free communication from navigable or raftable streanjis, and whose 
waters flow the year round, or waters where ferry-boats can enter at all 
times, and those cared for at the expense of the state, make part of the 
public domain, and a right to dispose of or use them may be had only 
by special authorization. 

Projects requiring special privileges to use water or sanction of plans 
to erect works in water-courses are undertaken either as private enter- 
prises of individuals to water their own lands, to run their own mills, 
or for other private purposes, or as speculative enterprises by indi- 
viduals, associated landholders, or capitalized incorporated companies- 
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desiring to sell water to consumers. When water privileges or permits 
to construct works are desired by individuals, for their own private 
benefit, in the use of water or otherwise, on navigable streams, an ap- 
plication must be made to the prefect of the department where the in- 
«nded work or diversion is to be made. 

When water privileges on streams navigable and of the public do- 
main are desired by individuals, companies, or societies, for specu- 
lative purposes, all permits or concessions have to be acquired by de- 
cree deliberated upon in the council of state. Whenever possible, the 
diversion of water for an irrigation canal or other use (requiring the 
construction of a dam in the river) is effected by a work which serves 
at the same time to hold back water for the promotion of navigation. 
Works designed for taking water for any purpose of a holder of a water 
privilege are always constructed and maintained at his expense, and 
when in close connection with a dam for navigation purposes, are carried 
out by the administration. Upon non-navigable water-courses which 
have not been declared to be dependencies on the public domain, in the 
civic code, and which have not been improved in the interest of navi- 
gation, the expense of cleaning and caring for the channel generally is 
borne by the riparian land owners. 

Works erected and acts committed in the channels or on the banks of 
non-navigable or non-raftable water-courses, when they present no ob- 
struction to free flood flow, are subject to regulation by the law as ad- 
ministered by the courts ; but works located upon navigable streams, 
when not duly authorized by the administration, constitute infringe- 
ments of the authority of the commission of public ways, and are sub- 
ject to repression. Water-privilege rents for irrigation works are rated 
upon the basis of the increase in yield due to irrigation, and are fixed 
at a sum annually paid, equivalent to one-tenth of the increase in value 
of produce on the land irrigated over its produce before irrigation. 

Without meaning to limit the duration of water concessions, the rents 
are revised every thirty years, for, though revokable at aliy time, water- 
right concessions on public streams are given for an indefinite time. 
Water privilege heads held in private control previous to the edict of 
1566 declaring the inalienability of the public domain are free from the 
charge of rents, as are also those whose holders have titles derived by 
purchase from the Government. 

The exclusive. right to water for milling and irrigation purposes from 
streams too small to be regarded by the kings as of public importance 
were accorded to the owners of the bank lands, apparently on the 
ground that they owned the beds and waters as well as the banks, pre- 
vious to the time of the Code Napoleon. In later years it appears to 
have become recognized that the waters were in reality a common prop- 
erty, and that the bank proprietors had only a right to use them and 
not a right of ownership in them. 

Still there was the open question, to whom were the waters a common 
property ; the riparian proprietors claiming to be the owners in common 
of the waters of each stream, and submitting to the control of the 
streams by the Government only as it was based upon the general po- 
lice authority of the nation ; while the Government asserted its right 
to control, not only because of its general police powers, but because 
of the fact that the waters were really common property of the whole 
people, and not of the riparian proprietors alone, and that public inter- 
ests were to be promoted, as well as other private interests guarded by 
it, and that its mission was one to promote public utility as well as re- 
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press or prevent abuse of private privileges in the- protection of other 
privileges. 

* The continued and growing abuse of the riparian water-right privi- 
lege brought about an increased necessity for upholding this latter 
view, so that it became a popular sentiment, and owners of lands not 
riparian to the streams asserted a right to the waters for their irrigation 
on the ground that such waters were a common property of all the peo- 
ple ; and asserting that the riparian owner's privilege of using them 
was not an exclusive privilege, but that upon a grant or permit from 
Government any land owner could divert them for use on his lands. In 
this view of the case by far the greater number of land proprietors were 
interested, so that the governmental policy of control was strongly up- 
held. Now the manufacturing interests took alarm. The owners of the 
hundreds of mills and manufactories depending upon water supply 
for power and other purposes scattered along the streams all over 
France, and holding rights, many of them dating back in the times of 
the counts, and all valuing the riparian right as a protection to their 
water supply, were arrayed against the advancing theory of the waters, 
belonging to all the people and due to all the people for use. The Gov- 
ernment continued to uphold the theory of the waters of these small 
streams being a common property of all the people, but no step was taken 
to accord land owners other than riparian proprietors any right to use 
them. 

The case appears to have stood this way when the Code Napoleon was 
promulgated in 1804. This code contained provisions which in course 
of time were recognized as placing the ownership of the waters of the 
smaller class of streams in the nation, but declared the use of things of 
this class to be common to all. Left with this provision only, the waters 
of these streams would have been thrown open to use by aU the people. 
But an article, under the head of '^servitudes,'' seemed to place a special 
servitude (right of use) on these waters for the benefit of riparian es- 
tates. The Government had its hands strengthened in its policy of con- 
trol and regulation, and the fundamental principle contended for by the 
owners of lands not riparian, as well as by Government, was recognized. 

The ownership of water belongs to the State, without prejudicing the 
right to the same which corporations or individuals may have acquired 
by legal title in conformity with the provisions of special laws in rela- 
tion to public real estate. The enjoyment of the ownership of water is 
subject to the following provision: No one may use the water of the 
rivers in such a manner as to obstruct navigation, nor construct in them 
works which hinder the free passage of vessels or rafts, or the using of 
any other means of water transportation. In a similar manner the 
hindrance or obstruction of the use of the banks is prohibited when 
they may be necessary for the same ends. 

The proprietor of water, whatever may be his title, has no power to 
hinder the use of so much as is necessary for the supply of persons or 
stockmen who are in possession of or living on real estate ; nor to oppose 
the indispensable works to provide for that necessity in such a manner 
as shall be the least burdensome to the proflbietor. He may have the 
right to indemnity reserved, except from those inhabitants who have 
acquired the use of water by prescription or by other legal title. 

The provisions of this code relating to the servitudes of water shall 
not interfere in any manner with rights legally acquired up to this date 
coucerniug the same. 

The proprietor of water has no power to divert its course in such a 
manner as to cause damage to a third party from overflow or from any 
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other cause. If any person dig a well on his premises, notwithstanding 
he may diminish the flow of water upon the adjoining land, he is not 
oblfged to give indemnity. Every one who has acquired water, the use 
of which, he may dispose of, has the right to pass through the interven- 
ing lands, subject to the obligation of indemnity to their owners, and 
also to the owners of any lower lands upon which the water may leak 
or descend ; but edifices, their courts, gardens, and other appurtenances 
are excepted from the servitude established by the foregoing provisions. 
He who has the right of use has the right of way for water, and is 
obliged to construct the necessary channel through the intermediate 
lands, although there may be other channels for the use of other waters. 
He who has on his lands a channel for the use of water which belongs 
to him may prevent the opening of another, offering to give passage 
through his own channel, provided it does not cause damage to the 
claimant. He must permit the passage of waters across canals and 
aqueducts in the manner most suitable to the course of the waters 
which are to be cond acted by them, and the volume must not be altered 
nor the two waters mingled in both aqueducts. 

In the case of right of passage through intermediate lands, if it be- 
comes necessary to conduct the aqueduct over a road, river, or public 
stream, it is indispensable that permission should be previously ob- 
tained from the authority to whose care the road, river, or stream is 
intrusted. Such authority shall only grant permission, subject to regu- 
lations binding the owner of the water for which passage is sought, not 
to hinder the passage of the water nor injure the highway, nor inter- 
fere with or stop the course of the river or torrent. He who without 
previous permission makes a passage for water or causes it to flow upon 
the highway shall be obliged to restore it to its former condition, and 
give indemnity to any one to whom damage may have been caused, in 
addition to paying the penalties imposed by the public regulations. 

He who seeks to use the privilege (right of way through intermediate 
lands) must previously, first, prove that he can dispose of the water 
which he claims to conduct; second, affirm that the route which is 
solicited is the most suitable and the least burdensome to third parties ; 
third, pay the value of the land which he shall occupy by the canal 
according to the estimate made by experts, with an addition of 10 per 
cent.; fourth, compensate for all immediate damages, including those 
which will result from dividing the land into two or more parts. 

Where the use of a canal already built is offered, he who claims the 
passage of water must pay in proportion to the quantity of the same 
and the value of the land occupied by it and the necessary expenses 
for the preservation of the canal, without prejudice to the indemnity 
that must be given for any other expenses which may be occasioned by 
the passage which is to be conceded. 

The quantity of water which may be passed through the aqueduct 
established on the adjoining land shall have no other limitation than 
that which results from the capacity of the water-way as determined 
by its dimensions. Should the person enjoying the use of the water- 
way be compelled to enl^ge it, he must bear the necessary cost, and 
pay for the land which is merely occupied, and for any damages caused. 
The damage is. to be estimated by experts with an addition of 10 per 
cent., and account shall be taken of both immediate and resulting dam- 
ages. The legal servitude before mentioned carries with it, subject to 
provisions hereinafter contained, the right of way for persons and ani- 
mals and the transportation of the necessary materials for the use and 
repair of the water-way. 
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The provisions and same laws ooacerning the passage of water are 
applicable to marsh lands requiring drainage or an oatlet. The con- 
cessions which may be obtained irom the competent authority are to 
be without prejudice to other rights previously acquired. Every one who 
has the use of an aqueduct, whether it passes through his land or through 
lands adjoining, must construct and maintain the bridges, canals, aque- 
ducts, subterranean and other necessary works, so that the rights of 
others may not be prejudiced. Those desiring to enjoy the use shall 
pay in proportion to that enjoyment, if there \^ no prescription or con- 
tract to the contrary. The code contains provisions for keeping the 
water pure and for the construction of such works as may be required, 
in order that the course of the water may not be interrapted. 

The owner of land subject to the servitude of right ot* way may desig- 
nate the place in which the servitude shall be constituted. 

If the proper judge shall decide the place to be impracticable or very 
burdensome, the owner of the land must designate another. If the place 
is subject to the same objection as the first, the judge shall designate one 
which shall be established, taking into consideration the interest of 
both properties. 

If there are several pieces of property through which must be given 
a passage or a public way, the servitude shall be that of the shortest 
distance. If the distance shall be the same upon the i)roperties, the 
judge shall designate through which of them it shall be given passage. 

The width of the right of way shall be such as the necessities of the 
case may be deemed, in the discretion of the judge, to require, but shall 
not exceed 5 meters nor be less than 2 meters, without the consent of 
the parties interested. 

The court of cassation aiul the council of state have each decided also 
that the fall or slope of a chaunel is not the property of the land pro- 
prietors, and that it enters into the class of things which, by the terms 
of an article in the Code Najioleon, do not belong to anybody, the 
use being common to all, and the enjoyment regulated by the police 
laws; hence tbe administration grants a proprietA)r the right to back 
water into the channel in front of lauds above him by means of his 
dam, so long as he does not injure or endanger the lands in any way. 
Here, again, was a step towards the abolition of the exclusive riparian 
control of the smaller stream, and a movement towards declaration of 
public ownership of the channels themselves. And thus the matter 
stands. The riparian proprietors still monopolize the right to use the 
waters from streams of this class. The code merely gives every riparian 
owner a privilege of using the water. No matter how old a privilege 
may be, the administration in the public interest has always the right to 
turn suflScient water past the dam to satisfy the personal wants of pro- 
prietors below, and it can even compel the construction of a sluice-way 
in the dam to be used for this purpose. 

As a matter of fact, the streams are controlled and the waters appor- 
tioned out of those who have claims on them by administrative regula- 
tions. The matter of the ownership of springs has been one full of con- 
tention in France 5 but it is now well settled^y the provisions of the 
code and the decisions under it. He who possesses a spring within his 
field may make use of it at his pleasure. The code defines certain cir« 
cumstances under which the control of springs is limited and qualified, 
the causes being the necessities of communities for water for domestic 
purposes, the necessities of the state for water for purposes of naviga- 
tion, the rights which persons other than the owners of springs may 
have acquired by purchase or by prescription. The courts can, in the 
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interests of agricnltnre in general and for the benefit of local agricult- 
arists, prevent wasteful or selflsb ase of spring waters. 

The ownership and control of springs is so complete and absolute that 
«o loDg as the waters remain within the property where they rise, even 
tbongh used as a power for manufacturing purposes or otherwise, the 
administration can do nothing to interfere with the proprietor's use of 
them. 

But if spring waters be led across or into property other than that 
containing the source, for whatever purpose, the stream is subject to 
regulations, as in the case of others. The owner of a spring can not 
change the course of its waters when they furnish the necessary supply 
to the inhabitants of a commune, village, or hamlet. 

Government can take possession of springs to feed canals for naviga- 
tion, but on condition that it pay a just indemnity. 

The absolute right of ownership in a spring is also modified by pur- 
chased titles, by prescription, and by servitude set up by the division 
of an estate containing a spring. 

SPAIN. 

The Spanish law of waters, as it now exists, is a code in itself, which 
was finally determined and promulgated in 1866, after a study of the 
whole subject for eight years by a commissioner ap))ointed for the pur- 
pose. The law of 1866 comprehends all that is treated in laws of va- 
rious kinds relating at all to waters, high seas, sea-shores, beaches, bays, 
rivers, etc. The Spanish law makes the broad distinction between wa- 
ters on private and corporate property, which it calls private waters, 
and those on the public domain, which are called public waters. 

With respect to the acquirement of right to divert water for irriga- 
tion from streams on private or corporate property the law may be 
summarized as follows : Waters which rise on private property belong to 
the owner of the property, provided he does not forfeit his right by non- 
use for twenty years. 

Waters running through private property are private waters, subject 
to use by owners of the banks. They may appropriate them for the pur- 
pose of irrigation on their estates, to be taken in their order from the 
head of the stream down. 

Works for the diversion of waters from a private stream may be con- 
structed by the owner of the banks without official sanction, provided 
always that the amount of water to be diverted does not exceed 10 
'liters (about one- third of a cubic foot per second) in any one instance; 
but, if the proposed diversion exceeds this amount, notice must be 
given through the alcalde for the information of the governor of the 
province. 

This notice is given for the purpose of setting before the people the 
facts in the case, and in order that an investigation maybe held, which 
will determine whether or not the proposed appropriation will interfere 
with existing rights. 

The waters of public stress are held to be the property of the king- 
dom. It is necessary to obtain an official sanction or grant of right 
before such waters can be diverted and used in public or private irriga- 
tion enterprise, except where the quantity diverted by any one appro- 
priator does not exceed 10 liters per second, or where it is to be ab- 
stracted from navigable rivers by pumping machinery, or when the water 
appropriated is only the rain or storm water which drains rapidly away 
in the torrent beds. This grant of right is accorded only after ex- 
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tended and minute examination of the proposed project by the pro- 
vincial authorities, and after hearing all that may be said by those 
whose interests may be opposed to the diversion. There is no such 
thing as unlicensed appropriation in large amounts, and no such thing 
as unregulated diversion of waters from the streams. 

The waters are held by the Government for the use of the people. 
Under the Spanish law water is diverted for irrigation in large volumea 
from the public streams, but it is done under special sanctions from the 
authorities of the district, in a manner not to interfere with or injure 
other persons dependent upon its use. 

MEXIOO. 

The problems of rain-fall, water supply, and irrigation are of primary- 
importance in the Republic of Mexico. A study of the laws and sys- 
tems pursued therein is of the greatest importance to American en- 
gineers and agriculturists engaged in the practical work of irrigation. 
Mexico is essentially a dry country 5 its cultivation is dependent on 
artificial distribution of water. Its indigenous vegetation presents all 
the characteristics of an arid region. From all historical evidences it 
is seen that irrigation was among its earliest necessities and was the 
most prominent care of its people, of whatever race or condition. The 
soil of Mexico, as well as of that portion of the CTnited States which 
formerly belonged to our neighboring Bepublic, is fertile and frnitfal 
when once vitalized by the application of waten The table lands are 
everywhere adapted for grazing, and water can generally be found in 
quantity sufftcient for the use of cattle. The forests are valuable and 
abundant. That an increase in water-storage capacity would largely 
add to the agricultural value of Mexico is obvious, and such an increase 
is becoming especially necessary in connection with the construction 
and maintenance of railroads. 

The sources from which the water supply is derived along the line of 
the Mexican Central are springs, wells, storage reservoir, and perma* 
nent streams, and these are all dependent upon the annual rain-fall. In 
most cases tne supply of water at our water stations is obtained &om 
wells dug by the company, and these vary in depth from 20 to 300 feet, 
and the water is raised to the tanks either by hand or steam pump. In 
a few cases they have springs that afford a gravity supply, but they are 
very few. In order to preserve the rain-fall, storage reservoirs have 
been built, from which the water is distributed by open canals or ditches, ' 
and in many places extensive aqueducts of masonry have been con-' 
structed to convey the water across valleys so as to utilize it for irriga- 
tion. This system of irrigation, by means of storage reservoirs, can to 
good advantage be greatly increased, as where land can be irrigated two 
crops a year are obtained ; but at the present only a small portion of 
the rain-fall is utilized. The season known as the rainy season lasts some 
two months, and is for the most part confined to the period between 
June 15 and September 15. The following will show you the average 
amount of rain-fall at the City of Mexico for seven years and the State 
of Aguas Oalientes for fifteen years : 
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The only artesian wells on the line of this road are at the City of 
Mexico, where good water is found at the depth of from 200 to 500 feet 
below the surface. These wells are usually flowing, but with only a 
small head, and have to be pumped wh^i a large supply is needed. 

The laws and customs controlling water- in Mexico, so far as the road 
is affected, require the provision of suitable passages for all water used 
for irrigation. 

On February 14, 1856, a law was enacted controlling the distribution 
of water. The old unit of measure for water was the surco (or sulco) 
-in the country, and the paja in cities, but an act of March 15, 1857, put 
the French metrical system in force in the Republic, and a decree of 
August 2, 1863, made the liter (0.26417 gallon)* the unit of measure 
for Water, fixing upon 6J liters per second of time as the equivalent of 
a surco (or sulco), and forty-five one hundredths of a liter per minute 
as the equivalent of a paja of the old measurement. In cases of legal 
contest, wherein a right to a certain quantity of water was claimed un- 
der prior titles, or documents, sanctioned by law, the measurement waa 
still to be given in snrcos. . 

Engineers and surveyors were required to have regard, whether in 
city or in country, to the degree of inclinaticin (amount of fall) in water 
channels, to take into account in each case the amount of pressure, and 
to present in their statements both the formulas employed and the 
reasons for their calculations. 

The royal instruction of October 15, 1754, was passed to regulate the 
sale and distribution of land and water rights in the Indies. Sub- 
delegates were to be appointed by the viceroys and presidents of the 
royal audiency, who were to have jurisdiction of such matters, and they 
were directed not to disturb possessions in lands embraced in settle- 
ments, or on which labor had been expended, or which were cultivated 
or utilized for pasturage. It was also required that all persons who 
desired to possess royal grants of unoccupied lands and water, and 

* The metric system is founded upon the meter (about 39.37 inches), which was in- 
tended to be the ten-millionth part of the distance from the equator to the pole, meas- 
ured over the surface of the earth, but in reality differs slightly from this measure- 
ment. The liter is a cubic decimeter, the decimeter being toA tenth part of a meter. 

The unit for land measure is the are, which is a square having sides of 10 meters in. 
length. The hectare (100 ares) is about 2.471 acres. 
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those owners wbo had possessed, without occupation or cultivation from 
the year 1700 up to the date of the instruction, should present them- 
•selves before the subdelegates and prove their titles within a period of 
time to be designated by the s^me authority 5 and When they had titles 
to allege which were not yet confirmed, but were issued before the year 
1700, they were to be allowed pacific possession in conformity with the 
law. They were, however, required to register the title. From those 
who had no title there was required a sworn declaration of long pos- 
session, which was allowed to stand as a just title by prescription. 
Those who desired to acquire title were required to expend labor upon, 
<5altivate, or occupy the grants for a period of three months ; and if the 
period expired without the requirements having been fulfilled by the 
grantee, the grant might be denounced by any one who fulfilled them. 

It was also provided that possessors of lands sold or distributed in or 
after the year 1700 should never be molested, and their titles were thus 
confirmed ; but those who did not possess their property as aforesaid 
were required to solicit confirmation of their titles from the audiencias 
-of their 'district or from the proper authorities, and if they failed to do 
so within the period designated their possessions were forfeited to the 
<3rown, although labor might have been expended on them. 

The guiding and fundamental principle throughout the whole of the 
regulations will be found to have been that all such property was an- 
nexed to or incorporated into the royal crown to such a degree that in 
order to hold possession it was necessary that individual possessors 
must have alleged and proved that their water rights had been coq- 
ceded by special favor, because the law declares that to the prince, and 
to no other, appertained the right of distribution of water. This is 
still the controlling principle of Mexican law.* The waters must re- 
main under the sole and absolute dominion of the sovereign, all waters 
of the public rivers (or water-courses of public and common use) being 
his rights. This principle was so far qualified that any one might take 
what he needed for domestic use, but no one could take public waters 
upon his private grounds for irrigation without royal permission. A 
torrent is a stream of water originating from snow and rain at certain 
43easons, that is, when the snow and rain raise the streams. Elvers are 
'divided into public and private. The public river is one where all 
^njoy the right to fish. The private stream is one by which some con- 
tract or agreement has become private property, and differs in nothing 
from other private property, and in describing it "Jit has no banks.'' 
Banks are the precise limits between which the streams run in their 
natural course, which are as the shores to the sea. In concession of 
land, if concessions are made jointly of the waters originating upon 
it, they are appurtenances of the lands granted. Being a servitude, 
waters had their place among the royal country servitudes. Fountains 
and springs belong to the owners of the lands in which they rise as 
parts and appurtenances thereof, for which reason they are conceded 
with the lands. 

A servitude is the right of doing something on the land of another, 
or of preventing the owner from doing something. 

The servitude is a property appertaining to the thing, so that it 
adheres to it, no matter who may be the owner. Servitudes depend on 
the proximity of two predial estates, that of the person entitled to the 
servitude, and that of the person who has to submit to it. If for the 
-enjoyment of the servitude the estate on which it is imposed requires 

* The rights of the prince descending to the Government of the Bepablio. 



DISTRIBUTIVE METHODS AND MEASURES. 285 

some repairs, they mast be done by him entitled to the servitude. The 
right of servitude is not susceptible of division, but its enjoyment may 
be limited to days, months, etc. Such rights are acquired in the same 
manner as other property, and are either continued or interrupted* 
Continued servitudes are those which may be used daily; interrupted 
ones, such as can not be so used. 

In connection with the use of water there are both urban and predial 
servitudes. 

The predial servitudes relating to water are, first, the right of con- 
ducting water by means of canals or pipes over the land of your neigh- 
bor for the purpose of driving a mill, or of irrigating your land 5 second, 
the right of drinking out of a fountain, or of watering there your 
cattle. 

The servitude of the aqueduct is the right of conducting water upon 
the ground or field away from the stream for irrigation or other use, 
specified in the right of servitude, which carries \^ith it the right of 
way for the water-pipes, etc., and for those who have the care of them* 

It is unlawful to construct any work damaging others. If the con- 
struction of any work on the banks of a stream causes damage to the 
lands of a neighbor, the law gives him a right of action for the damage 
occasioned, and the works constructed must be removed. 

He who alleges his servitude is obliged to prove it j possession is not 
sufficient. The right must be acquired in one of three ways : by agree- 
ment, by inheritance, or by prescription. It is unlawful to alter the 
natural course of a stream to the prejudice of third parties ; but a per- 
son through whose ground the water is conducted may alter the channel 
for the sake of its more convenient use upon his land, provided that 
other parties be not prejudiced thereby. 

A servitude may be constituted not only at the source of the water, 
but upon any part of its course. It may be for a continuous flow, or a 
flow at certain intervals of time — that is, stated days or hours. The 
examination of springs must be made by experts, whose report must 
state under oath that the truth has been faithfully given, without favor 
toward either of the parties. 

The measurements for distribution are regularly obtained from the 
examinations, or measurements to determine the amount of the natural 
flow, the distribution being made to each person according to his position 
on a line. Hence, in measurements of examination, no changes are made, 
whereas in those for distribution the water-ways are enlarged, dimin- 
ished, and changed to conform to the letter of the grants of water. 
Measurements of examination are to be conducted at the most favorable 
distance from the reservoir or ditch, so that the water may run as nearly 
direct as possible and without too great rapidity of current. The reser- 
voir shall be made in conformity with some geometrical figure by which 
its area can be calculated, to which shall be applied a marking-board 
in such a manner as to show the quantity of water that is withdrawn. 
The marking-board shall have marginal numbers showing the available 
height of the water, so that by multiplying this by the width the area 
of the vertical section may be formed. It is to be understood that water 
must always be taken in the manner in which it has been from the be- 
ginning, so that no more can be taken, nor can it be taken by any longer 
route. Those who are in possession of a water servitude must be main- 
tained and protected. In order to constitute such a servitude the flow 
of water must either be continuous or at certain intervals of time. 

Dominion can not be exercised upon the lands of another unless dis- 
tributing tanks or aqueducts are built with separate basins, with aper- 
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tures in the sides, having gates of the proper size to give to each the 
quantity to which he is entitled. If the form given to the aperture is 
that of a square, the area being given, the square root shall be the 
diameter of the orifice. If it should be circular, the diameter may be 
^und by the rule of Archimedes, that as 11 is to 14, so is the area of the 
figure to the square of the diameter, the square root of which is the 
diameter of the required orifice. 

In distributing water from basins or reservoirs all the parties inter- 
ested must obtain their amounts from apertures at an equal depth, 
although the sizes of the openings may be different. In taking water 
from a horizontal canal, through orifices in its vertical sides, a stop of 
the same size and figure as the opening must be set into the wall on 
the side of the opening towards which the current runs, so as to drive 
the water into the orifices. 

When various parties participate in the distribution of water, all 
"tanks and receptacles and all opejiings for drawing it off should remain 
unchanged in their dimensions and proportions, so as to preserve to 
each the quantity publicly granted. The builder of such tanks and 
orifices shall be the judge of the shape most suitable, but they shall 
liave a unifbrm altitude, increasing or diminishing the bases, if rec- 
tangular, but if cfrcular their centers must be on the same horizontal 
line. It is an inflexible rule that the water which issues from those 
apertures should have the same fall, tor two reasons — they start from 
the same level line of base 5 or, if they take water from a fall, it is from 
the same apron-stone upon which the waters fall, although carried away 
from thence in different troughs or chutes. The gravitation of water 
increases its velocity in proportion to the distance through which it falls. 
The point of delivery must be below that of the source. The surface of the 
water curves to correopond with the surface of the terrestrial globe, and 
in using a level, to avoid the error of assuming the water-level to be a 
straight line, theinstrument should be set in the middle of each stretch 
^f the line to be leveled, which may be longer or shorter according to 
the slope of the ground. All the proprietors who participate iii the 
benefit derived from the works which have been treated of are under 
obligation to contribute to the payment of the expense of their execa- 
tion in proportion to their interest, according to an appraisement by ex- 
perts. Those who by their own culpable negligence have occasioaed 
any damage must be responsible for it. 

The owner of land in which there is a natural fountain or source, or 
who has dug a running well, may cover it, or confine it by a pond or 
dam, to detain its running waters for his own ground, and may use and 
dispose of the waters freely. If he have surface waters which pass 
upon another piece of land, the owner of such land, upon the lapse of 
twenty years, reckoned from the date on which he has constructed 
works designed to regulate their fall or course, may acquire property in 
the waters so received. But this provision does not prohibit the owner 
of the source of any water, or of a pool, or a dam, from avaiKng him-, 
self of all of the enjoyment of the waters possible within the limits of 
his estate. 

The lower lands must receive the waters which naturally, and with- 
out the work of man, come from the upper or higher lands, as well as 
the stone and earth which it takes in its course, nor shall the owner of 
the lower land make any works which obstruct the servitude, nor the 
upper any works that increase the servitude. The owner of the land 
on which there are works to conserve the water, or on which for an alter- 
ation of the water-course it becomes necessary to construct new ones, 
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18 required, in the absence of any special law to the contrary, either to 
make necessary repairs or constructions, or without demanding remu- 
neration to allow the same to be made by land owners wl^ have expe- 
rienced, or are immediately exposed to injury from the water which he 
has arrested in. its flow, or diverted from its natural course. The pro- 
v'isions of the foregoing are applicable to the case in which it Is neces- 
sary to relieve any land of those materials which accumulate or hinder 
the flow of water, resulting in damage or peril to a third party. 

In distributing water among a number of claimants the following al- 
lowances are made : For a flour-mill, 8 continuous sulcos } for a pulling 
miU, 3 sulcos ; for sugar-mills, 8 sulcos ; and to irrigate a tract of land 
^f about 33^ acres, 2 sulcos, or if it be a cane plantation of the same 
size, 4 sulcos. The quantity is, however, not absolute, but depends on 
the slope of the ground and other circumstances. 

When the water supply is found insufficient to meet the requirements 
of tbe parties interested, resort must be had to distribution by turns, 
some using water in the day-time and others at night, or any other way 
which may be agreed upon, because that which belongs to the whole 
public should be so controlled that all may have a share in the distri- 
bution. 

LOWER CALIFORNIA. 

The sub-prefect of the northern part of Lower California, reporting 
-on the water supplies of that district, mentions the Colorado as the 
only important river in the district, and refers to information in regard 
to that stream already in possession of the Mexican Government. After 
enumerating various smaller streams and a few ponds and lagoons, 
w^hich furnish drinking places for cattle, he says : 

None of the waters to which I have referred are used for agricultural purposes, be- 
cause the small grains— oats, wheat, and barley — which are cultivated in this district 
belong to the temperate zone and are grown in winter. Com, beans, and other 
products of this nature are planted only in damp soil, which does not need irrigation. 

DURANGO. 

The political chief of Oro, in the State of Durango, writes to the sec- 
retary of state of that commonwealth that in the district under his 
authority there are thirteen hot springs, some of which are used to good 
advantage in the irrigation of gardens. The rivers which fertilize a 
large part of the district are the Eamos and the Sestin, which unite to 
form the Nazas. The Sestin, from the neighborhood of Cerro Prieta to 
its confluence with the Eamos, has a length of about 60 leagues (156 
miles), its greatest breadth being about 328 feet, and its general depth 
about 5 feet. The Ramos has a length of about 31 miles, with an ex- 
treme breadth of about 260 feet and an average depth of somewhat over 
3 feet. The waters of these streams, whose volume may be estimated 
at about 25 cubic meters (882 cubic feet), are utilized in agriculture 
with very good results, wheat and maize being tbe favorite crops, and 
yielding the best returns when the precipitation of the rainy season is 
largest. Besides these rivers there are many small streams which, 
without being permanent throughout the year, aflPord sufficient water 
to make them useful in the irrigation of gardens. There are some un- 
important ponds in the district, but no lakes or lagoons. 

A law passed by the legislature of Durango, and dated November 11, 
1881, contains substantially the following provisions : 

No one is allowed to construct on tbe rivers or other waters belong- 
ing to the public, or along their banks, any new works, qr^to alter ex- 
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isting ones in such a manner as to change the direction, height, breadth, 
or depth of the dams, dikes, or aqueducts, without previous license 
from the public authorities. 

Any person desiring such a license is required to state in writing to 
the proper local authority the kind of work which he proposes to exe- 
cute, the materials of which it is to be constructed, its dimensions, and 
other necessary particulars, and the place where it is to be made. 

The authority receiving application for license to construct works on 
the public waters or their aqueducts will note in writing the day and 
the hour in which it was presented, and will give the desired record of 
it. The same authority will publish the petition by posters in the lo- 
cality in which the petitioner resides or by newspaper if there is one. 
A copy thereof will be furnished to the corporation attorney, so that 
within eight days the latter may give his opinion whether the proposed 
work will or will not be prejudicial to the public interests. This opinion 
will then be sent with the petition itself to the State government. The 
opinion of the attorney will be accompanied by that of an expert con- 
sulted by him, whose fees will be paid by the petitioner. 

The petition, having been received by the State government, will be 
published in the next three issues of the official journal. If during its 
publication, or within eight days thereafter, no opposition is made 'to 
the proposed work, and if no objection shall have been set forth in the 
opinion of the corporation attorney, the State government will authorize 
the execution of the work, and will cause copies of all records in the 
case to be sent to the party interested, for whom they shall serve as 
evidence of title. The same should also be inscribed in the public reg- 
ister of property. 

Any one desiring to (^pose the execution of a work must present 
himself in writing to the state government within the period indicated 
in the last paragraph. On receiving such notice of opposition the gov- 
ernment shall immediately have it sent, with a record of all its anteced- 
ents, to the judge having primary jurisdiction in the locality to which 
the proposed work appertains, in order that he may decide whether or 
not he ought to prevent its execution on account of its being in conflict 
with some acquired right, or causing, either to the public or to the in- 
dividual opposing it, detriment for which indemnity can not be obtained. 

If the damage which the work would cause is such as can be indem- 
nified, the judge shall cite the person proposing to construct the work 
and the person opposing it to a verbal conference, to the end that they 
may mutually agree on the indemnity to be paid. 

Whenever it shall appear that the opposition to a work is unfounded, 
the person making the opposition shall pay the costs of the proceed- 
ings thereby necessitated; and if there shall also appear to be rashness 
or malice in the opposition its author shall indemnify the party opposed 
for all the damages suffered through the delay in carrying out the work. 

The amount of indemnity having been fixed, the work shall not com- 
mence until it is paid. 

Judicial proceedings arising under this act will be in summary form, 
as provided by the code of civil procedure. 

A decree having been pronounced, the records received from the 
State government must be returned, and with them must be sent an 
attested statement of the action of the local tribunal. 

Changing the course of a river or other stream of public use, or drain- 
ing off* its waters by means of works constructed in it or on its banks, 
is absolutely forbidden. 

In cases of urgent necessity, to prevent inun*dation, the destruction 
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o£ embanlsmeDts, reservoirs, or aqueducts, or other damages equally 
serious, perniissiou may be granted for the construction of such works 
as the authorities may deem necessary. But if any wojck constructed 
under such circumstances would interfere with other works previously 
existing, it can not remain longer than the circumstances continue 
which render it necessary, unless permission be obtaii^ed under the pro- 
visions of this act, and such permission shall be ap^ied for within three 
days after that of th,e local authorities is solicited^ The latter author- 
ities are required to apprise the State government of their action in 
cases of the class to whiqh this paragraph refers. 

The preceding provisions do not apply to the partial or total recon- 
struction of works already existing, or which have been executed ac- 
cording to this law, and which are not to be changed in their direction, 
height, breadth, and depth. A i)er3on having occasion to make par- 
tial or total reconstruction of any work conformably to this paragraph 
must notify the local authorities, so that they may assure themselves 
that the work proposed is really one of repair or reconstruction. 

So far as they are not: in conflict, with the present law, the provisions 
of the civil code and code of procedure relative to the use of public 
waters, or to servitudes or works connected therewith, are left in force. 

This law was promulgated on the 10th of November, 1881. 

JAUSCO. 

The principj^l rivers which traverse this State are theOuitzeo (some- 
times called the Tololotlan) of Santiago, or (irande, the Verde, the 
Juchipila, the Lerma, the Zula, or Atotouilco, the Ayuquila, the Tux- 
pan, the Chacala, the Ameca, the Bolanos, the Apazalco, the Saoi 
Pedro, the Acaponeta, the Cafias, and the^amotlan, most of which are 
also known under other names. The largest of these streams is the 
Cuit^eo, which rises in the town oifthat name, and after a course of 
98 leagues (255 mile«) enters the ocean to the northwest of San Bias. 
Ifs ayeiage flow is about 111 cubic meters (3,920 cubic feet) of water 
per second, and its use in irrigation, which is now small, might be 
largely increased. Opposite the town of Juanacatlan there is a cata- 
ract about 65i feet in height, which would furnish power to the amount 
of about 30,000 horse-power, of which only the amount required for one 
iiour-mill is now utilized. There are many points along this river, or 
near it, where hydraulic wheels after Poncelet's system could be advan- 
tageously used. 

The Verde which rises in the State of Zacatecas, is a tributary of the 
Ouitzeo, and for a distance of 47 leagues (122 miles) its course lies 
within the State of Jalisco. Its waters, which have a flow of 50 cubic 
meters (1,766 cubic feet) per second, are utilized in irrigation to some 
extent, and by means of lateral canals they might be largely employed 
in working hydraulic motors. 

Tl^e Juchipila, another tributary of the Cuitzep, rises in Zacatecas, 
and its course lies within the State of Jalisco for only 17 leagues (about 
44 miles). It has an average flow of 16 cubic meters (565 cubic feet) 
per second, and is utilized in irrigation. 

The Ijemia, which rises in the Alpaoloya region of the State of Mexico 
and en)pties into Lake Ghapala al Oriente, flows through Jalisco only 
12 leagues (about 29 miles). It has an average flow of 80 cubic meters 
(2,825 cubic feet) per second, but is available for irrigation only when 
its waters are high. This stream presents more s^vantages in the 
^^tps of Michoacan and Guanajuato than in Jalisco. C^r\r\n]c> 
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The Zula rises within the State, and has a course of 30 leagues (78 
miles) before emptying into the Guitzeo. It has a flow of 8 cubic meters 
(282 cubic feet) per second, and its waters are employed on a small 
sc^le in irrigation. 

The Ayuquila rises within the State, and after a course of 70 leagues 
(182 miles) empties directly into the Pacific. It has a rapid current 
throughout almost its whole length, and although it has an average 
flow of 30 cubic meters (1,059 cubic feet) per second, it serves to irrigate 
only small areas. 

The Tuxpan rises within the State and empties into the Pacific, re- 
ceiving in its course of 60 leagues (156 miles) the waters of numerous 
tributaries which rise in the spuria of the volcano of Oolima. It is 
somewhat rapid and has an average flow of 28 cubic meters (989 cubic 
feet) per second. Its waters are employed to some extent in irrigation, 
but not so much in this State as in Golima. 

The Ameca rises within the State, has a length of more than 55 
leagues (143 miles), and empties into the bay of Banderas, on the Pacific 
coast. It is a fine stream, having an average flow of 20 cubic meters 
(706 cubic feet) per second, and is capable of being utilized in agricult- 
ure. 

The BolaSos rises within the State, and after a course of about 48 
leagues (125 miles) empties into the Ouitzeo. It has a rapid current, 
with an average flow of 15. cubic meters (530 cubic feet) per second. 
Jt is utilized in agriculture. 

Several other streams, with volumes ranging from 2 to 10 meters (71 
to 353 cubic feet) per second, are more or less used in agriculture; but 
the principal use both of these and those designated by name above is 
in sv^ock-raising. There are also innumerable small streams, tributaries 
of the larger ones. ** 

The most noteworthy lakes in this State are those of Ghapala,Magda- 
leua, Mexcaltitau, Atemanica, Gajititlan, San Marcos, Zacoalco, Atoyac, 
Sayula, Zapotlan, and Santa Maria del Oro, besides which there are 
many others, which, although smaller and not so well known, are 
nevertheless of great utility. 

Lake Gbapala is 90 kilometers (56 miles) long, and has an average 
width of about 17 kilometers (about lOJ miles). It is the most impor- 
tant lake in the State, whether considered with reference to the facili- 
ties it affords for internal navigation or to its utility in agriculture and 
stock-raising to the people along its shores; and by means of canals, 
especially one connecting it with the Ameca River, its waters might be 
more extensively utilized for both of these purposes. The other lakes 
mentioned are much smaller than Lake Ghapala. With the exception 
of Lakes San Marcos, Zocoalco, Atoyac and Sayula, they all have 
potable waters ; and the same is true of the numerous smaller ones not 
mentioned by name. 

There are few permanent irrigation works in the State, mere tem- 
porary appliances being generally used to draw off* the water for irriga- 
tion or for live-stock. The works at Bellavista, executed with great 
skill by Senor D. Gabriel Gastafios, should, however, be mentioned as a 
noteworthy exception to this rule. 

In the municipality of Atemajac de las Tablas (in the district of the 
same name) there are four reservoirs, but their chief use is the storage 
of water power for flouring and saw mills. In the municipality of 
Tescuitatlan there is a public reservoir known as the Santa Eosa, in 
which rainwater is stored. Its length is 502 meters and its breadth 
260. In the municipality of Tizapan el Alto there is one reservoir-^ 
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that of Las Oaartas — in which enough water is stored for the irrigation 
of a small area on one ranch. 

Reports are published from many other municipalities, and numerous 
small streams and springs are referred to as furnishing water for the 
irrigation of orchards, gardens, or fields. The aggregate area fertilized 
by their water is quite large, ,but there are scarcely any among them 
that have a volume of more than 1 or 2 cubic meters per second, 
and no important works are reported for making an increased area 
available to irrigation. 

MICHOACAN. 

The principal streams which lie wholly or partly within the limits of 
the State are the Lerma, the Balsas, the Marques, the Tepalcatepec, 
the Duero, the Astula, the Apisa, the Eio Grande de Morelia, and the 
Huetamo. 

The Lerma is provided with dams and reservoirs to facilitate irriga- 
tion, and several towns or villages and forty farms along that part of 
the river embraced within the limits of Michoacan avail themselves of 
its waters to irrigate wheat, maize, chick-peas, etc. In the Duero and 
the Morelia there are some small dams. The other streams are turned 
to little account partly because of the broken character of the districts 
through which they run, and partly because of the limited extent to 
which agriculture in those districts is carried on. The volume of water 
in these streams is- very large. The Balsas, for example, empties into 
the sea with a volume of 132 bueyesy 12 surcos of water;* and the Mar- 
ques at a point called the Juntas, before receiving its last tributaries, 
has a flow of 44 hueyes. In the southern districts of the State irri- 
gation is used in the cultivation of sugar-cane, indigo, and rice, each 
estate having one source or more from which a supply of water is 
obtained. The water is conveyed to the fields in covered conduits. 

The population is generally located near the streams, and there are 
but few who have occasion to resort to wells. Such wells as there are 
range from 10 to 20 varasi in depth in the case of the deep ones, while 
the others range from 2 to 10 varas. 

It is worthy of remark that in the higher and colder parts of the 
State the springs and fountains are permanent throughout the year and 
maintain a medium temperature throughout the day. In the hot part 
of the State the streams are more numerous, but many of them run 
dry in October, and do not flow again until the end of May. The chief 
cause of their disappearance is readily found in the rapid evaporation 
which occurs in such hot climates. According to observations made at 
Ohurumuco in May, 1883, a cubic meter of water exposed to a dry, hot 
atmosphere, the temperature being about 100^ Fahr., lost by evapora- 
tion 2 to 2^ liters per hour, while observations made at Lake Sirahuen, 
with a temperature of about 59°, showed a loss of hardly one-fourth of 
a liter in the same time. 

The stream known in ditterent parts of its course as the " Carame- 
cuara," ''Las Joyas," and '^San Juan ^ is used for the irrigation of 20 
eaballeriasi of I'dUil belonging to the different estates through which 

*The huey is a somewliat indefinite expreasion, moaning a stream of water as large 
as the body of an ox, while the suroo is the quantity convoyed in a farrow made for the 
purpose in irrigating land. Some years after the adoption of the metric system a de- 
cree was issued making 6^ liters (a little less than 1.72 gallons) per second the equiv- 
alent of the 8urco. 

tThe vara is a measure of about 2 feet 9 inches in length. 

tA cahalleria^ about 107 acres. f^ r^r\n]r> 
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it flows before opiting with the Tac^mbaro^ while the latter, which lias 
a volume of 3 bvsyes in the dry season and an average of 8 hueyes daring 
the rainy one, irrigates 6 caballerias of fanning land, as well as the fields 
and kitchen gardens near the city of Tacsimbaro. The Turivau has an 
average volume of 4 bueyeit through the dry season, andtin its whole 
course through the district irrigates 12 caha,llei'ias of land. The Para- 
aran, or Galiente, has a volume of 5 bueyes and 4 surcos from Novemb^ 
to June, and from June to November its flow is considerably augmented 
by the rains. It irrigates about 7 caballerias. These four streams, with 
fourteen smaller ones, none of which irrigate more than a few hundred 
acres of land, have an aggregate volume of about 26 hueyes of water, and 
serve for the irrigation of an aggregate area of 55 cahalleriii9 (5,585 
acres) of land. A small addition should be made to this total for areas 
irrigated from springs, ponds, and swamps. 

MORELOS. 

In the district of Goatlan there are three rivers — ^the Amacasac, the 
Ohalma, and the Tambembe. The Amacusac is forme<l by the union of 
the San Geronimo and the Chontalcuatlan, their confluence being a 
short distance outside of the district. The waters of the San Geronimo 
are utilized for irrigation on many wheat farms in the district of Villa 
Guerrero, or Tecualoya. During the rainy season it has a flow of about 
35 cubic meters (1,236 cubic feet). The Chontalcuatlan, which receives 
a number of tributaries, furnishes water-power to many small factories, 
and its waters are utilized to some extent in mining. After watering in- 
numerable orchards and gardens along its banks it still has a flow of 
25 cubic meters (883 cubic feet) in the wet season, and from 10 to 12 
cubic meters (353 to 424 cubic feet) in periods of drought. The Ama- 
cusac^ formed by the union of the two rivers last named, has a flow of 
60 cubic meters (2,119 cubic feet) during the rainy season, without in- 
cluding freshets, and in time of drought it has somewhat less than half 
that volume. Thus far but little use has been made of its waters in ir- 
rigation except for the orchards immediately along its banks. After 
receiving the waters of several tributatries this river takes the name 
of Bio Grande, and still lower, after passing beyond the limits of 
Morelos and uniting with the Pueblo, it is known as the Mezcala or 
Balsas until it reaches the sea at Zacatula. 

The Ohalma is the most important river in the district, not in respect 
to size, but on account of the fertility which it confers on the many 
towns and districts through which it flows. It rises in the State of 
Mexico, rapidly increasing m size as it receives the waters of numerous 
springs and rivulets, and becoming a considerable stream before enter- 
ing Morelos. It wafers extensive tracts of level lands in the vicinity 
of the sugar mills of Oocoyotla, Actopan, Santa Cruz, San Gfibriel, and 
the estate of Cuaehichinola, and at the same time irrigates the fields 
in the towns of Goatlan del Bio, Tetecala, Mazatepec, San Miguel 
Cuantia, Cuaehichinola, and Puente de Ixtla. It has a flow of 25 or 
30 cubic meters (883 to 1,059 cubic feet) during the rainy season, and 
10 to 12 cubic meters (353 to 423 cubic feet) during the dry months. 

Tfie Tembembe is scarcely uttlized at all in irrigation. Its flow dur- 
ing the wet season equals and often exceeds that of the Chalma, but 
during the rainless months it runs almost dry. 

There is only one dam in the district of Goatlan del Eio. This was 
constructed in the Tembembe Eiver, at a cost of about $20,000, for the 
irrigation of the extensive fields of the Miacatlan estate; and it sJso 
serves to supply the town of the same name with water. It is con- 
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sidered a meritorious piece of work in respect to its architecture, its 
extent, and its solid construction. The district being well supplied 
with water, there are no reservoirs for its storage. 

The laws which govern the distribution of water are understood by 
the writer of the report to be those comprised in the civil code of the 
federal district and of the Territory of Lower Oalifornia, this code 
being in force in Morelos. 

OAXACA. 

District of Oiiicatlan, — ^A river known as the Rio Grande, which 
empties into the Papaloapam, flows through this district and furnishes 
water for irrigation at many points along its course. Its volume iii ttie 
rainy season amounts to 200 cubic meters per second, or more ; butdur- 
ing the dry months it falls to four or five meters. Of its smaller tribu- 
taries there are many which dry up during the latter portion of the 
y«»r,'butit also receives a considerable number of permanent streams, 
most of which are more or less utilized in the irrigation of maize, sugar- 
cane, lor other crops. 

District of Tiamaeo.—Ms^y small streams are enumerated, giving 
their source, direction, estimated volume, etc, the latter in most cases 
falling below one cubic meter per second during the dry season. Most 
of these streams are utilized to some extent in the irrigation of crops, 
besides furnishing water-power for mills. There are no large rivers in 
the district. 

'Distridt of Yautepec. — The most important stream within its limits is 
the*Rio Gtande de Tehuantepec, which rises in the mountains of Qui- 
echapa and Mixtepequez, and empties into the Pacific 10 or 12 miles 
from Tehuantepec. The average flow at tbe lowest estimate is about 5 
hueyes per second. It is utilized in irrigating sugar-cane and maize at 
certain points along its course. There are also several smaller streams 
^hieb are turned to account for the same purjwse. Owing to the «mall- 
ness of the rain-fall the streams in this district have greatly diminished 
in size, and there are no important bodies of water of any kind within 
its limits, nor have any laws been enacted on the subject of water dis- 
tribution. 

District of Ocampo. — ^The principal rivers which traverse this district 
are the Villa Alta and the Eio Mudo. The character of the country is 
not favorable to irrigation, and the streams which flow through it, 
though many of them are constant, are not turned to account for that 
purpose. The same remark will apply to the waters of a number of 
small lagoons found within its limits. 

District of Choapam. — As regards rights to the use of water, the an- 
cient Spanish ordinances in relation to lands and waters are in force. 

District of Tuxtepec, — No irrigation is needed because of tbe abun- 
dant rain-fall. The provisions of the civil code of the federal district, 
amended in some few particulars, are legally in force under State author- 
ity, but in the absence of any need for the appropriation of water dif- 
ficulties in regard to water rights seldom arise. 

District of Juchitan. — There is scarcely any irrigation practiced. The 
Astula, which is the principal river in the district, has a volume of 8 
cubic meters during the dry season, and its plains are referred to as 
" wide and fertile." 

District of Teposcolula, — Reports from a number of municipalities 
mention irrigation as practiced on a small scale within their limits. 
The toayor or president of each municipality annually appoints an of- 
ficer, whose duty it is to distribute the waters in fair proportion among 
those having fields or gardens to irrigate. gitized by GooqIc 
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QUERBTARO. 

In the neighborbood of Juriquilla there are four small and animportant 
reservoirs; one party is constructing one which will contain 1,100,000 
cubic meters of water, aild will command a large part of the valley of 
Queretaro. On an estate t4> the north of Juriquilla there are two good 
reservoirs, T)ut they are dependent on the rains for their supply of 
water, and have only been filled six times in the last twenty-seven 
years. The largest one, known as the Santa Oatarina, is 2,500 meters • 
long by 900 wide and 6 deep. The other, known as the Pinto, is 1,276 
meters long by 600 wide and 4 4eep. A reservoir of small size is found 
on the San Miguelito estate, northwest of Juriquilla. It is of little 
importance, but serves to irrigate some limited areas of tilled land. 

There are many permanent streams whose waters are used in irriga- 
tion, but none having a volume of more than a few cubic meters. 
There are also a number of small lakes and lagoons and some impor- 
tant springs in the State. 

There has been no State legislation especially bearing on the use of 
water, which is regulated by the civil code, the Spanish laws, and the 
ancient ordinances of laud and water, according to their resi)ective 
dates. 

TAMAULIPAS. 

The situation of this State in the northeastern part of the Eepublic, 
with the Gulf of Mexico bordering it on the east, renders it compara- 
tively independent of any artificial means of supplying the crops with 
water. 

A report to the State government from the council of Nuevo Laredo 
mentions the Eio Bravo as the only source of water for livestock in 
the dry season. During the rainy season it is subject to heavy tioods, 
and overflows the bottom lands along its banks, on which the farmers 
raise sure and abundant crops. 

TLAXCALA. 

The Zahuapan and the Attoyac are the only streams deserving the 
name of rivers. The former, which is tributary to the latter, is utilized 
between the town of Apetatitlan and its confluence with the Atoyac, 
by eleven estates, six towns, and a number of small farms, while it also 
furnishes water-power to several mills and factories. It is, however, 
but a small stream, its volume during the dry season not exceeding IJ 
cubic meters per second, after receiving the waters of many springs and 
rills. 

There is no place of any considerable population on the Atoyac, but it 
furnishes- water for the irrigation of ten estates and the supply of six 
towns. In the rainy season it is a roaring torrent, swollen by the waters 
which pour into it from the mountains, but during the dry weather it 
dwindles to a volume of about 4 cubic meters per second. 

In the eastern part of the State reservoirs are used for the storage 
of rain-water, that being the only means by which a reliable supply for 
man and animals can be secured. These reservoirs vary in size accord- 
inji( to the needs of the localities where they are situated. 

There has been no legislation in this State to regulate the appropria- 
tion of water for irrigation or motive power. The proprietors of land 
and manufacturing establishments use the waters of the rivers in ac- 

• The meter=39.37 inohea, ~^ " 
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cordance With the privileges conceded by the colonial government in 
the original titles to their property 5 anij those who do not enjoy such 
rights have recourse to the authorities of the municipality controlling 
the water which they desire to use, and are allowed to take the water 
needed for irrigation subject to an annual tax, which goes into the mu- 
nicipal treasury. 

VERA CRUZ. 

The water courses are not utilized in agriculture or in manufactures* 
In the former no machinery is used, nor is there any resort to irriga- 
tion, and when there is a prolonged drought the consequences are 
severely felt, the agriculturists making no efforts to utilize the waters 
that are at hand, but contenting themselves with the hope of rain 
while their crops perish. 

Legislation on the subject of water is only rudimentary. 

The principal rivers of the district are the St. Peter and St. Paul 
(one river) and the Cazones, both of which are navigable for short dis- 
tances. Ko estimate is given as to their volume and no ihformation as 
to irrigation, either on these streams or their tributaries, within the 
district. 

A return from the district of Acayrican enumerates many small 
streams, including a number of arroyos which disappear during the dry 
season, but no mention is made of any use of these waters for irriga- 
tion. 

A report from Orizaba enumerates various streams, some of which 
are used to a small extent in irrigation ; but the largest (the Ingenio) 
has a flow of only 5J cubic meters, while some of the others dwindle 
during the dry season to less than 1 meter. 

From a list of the principal rivers which rise and flow through the 
3tate of Vera Cruz, those having a length of 40 leagues (104 miles) or 
ipwards are presented below : 

Panuco, Tamesi, Moctezuma, Calabozo or San Juan, Be los Hules, 
San Pedro, San Marcos or Cazones, Tecolutla or S. Pedro and S. 
Pablo, Mautla or Kio Frio, Papaloapam or Quiotepec, Tesechoacan, 
Zapotla or San Juan, Blanco^ Coatzacoalcos. 

% 

ZACATECAS. 

In the municipality of San Alto mention is made of two streams and 
a number of springs which are used to a considerable extent in irrigation. 
The larger stream has a course of 6 leagues (about 16 miles) and a 
volume of 30 surcos. As regards water rights, the rule is that the dif- 
ferent landed proprietors "take what water they need where their 
property is crossed by a stream, leaving the rest for others.^' There is 
some irrigation from small streams in other municipalities heard iv6m. 

In Nochistlan there are a few unimportant rivers and two small res- 
ervoirs which serve to irrigate small areas of land. At Juchipila there 
is a stream from which considerable water is obtained for the irrigation 
of orchards and gardens along its course, the quantity being increased 
at one point by a reservoir wherein water is saved for use during the 
dry season. 

AUSTRALIAN IRRIGATION LEGISLATION. 

The colonial governments of Kew South Wales and Victoria joined 
in a conference to examine the Murray Eiver drainage basin, in order 
to arrange the terms on which this boundary area could be regulated. 
To some considerable extent it represents the problems involved in the 
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flow and distribution of the interstate waters within onr arid region. 
The legal control of the Murray, banks and basin, seems unquestionably 
to rest with the Colony of New 8outh Wales, whose bondary line it is, 
but the larger considerations of physlc^il geography, topography, 
hydrography, and climate forced a consideration of the interests of Vic- 
toria. It was finally proposed and decided upon that a joint tttist be 
formed with these powers : 

(1) After defining the areas, it was recommended that said joint trust 
" shall have power to regulate all diversions of water from the river 
and its tributaries.'^ 

(2) That certain tributaries may be regarded as feeders to the main 
or *' Murray" river, or, as the term is, *' compensation water." Other 
tributaries " may be diverted and used by the respective colonies 
through which they flow." 

(3) The whole waters of the upper and lower rivers (Murray) are 
"deiemed to be the common property of the" two colonies interested. 
Each colony in general to have the right to one-ha]f the said waters, 
subject to reservation of " compensation water " aforesaid. 

(4) "That all natural diversions" shall "be gauged" under the trust. 
The portions of such diversions not returned to main river channels 
" shall be debited" to the colony "diverting the same." 

(5) That the trust "fix and determine" the "high-flood levels," and 
have control of all waters flowing above them, using them as may be 
deemed expedient. 

(6) That all expenses be jointly borne, and that as far as possible 
united action be hiui in the construction of works. 

The balance of provisions provide for the organization, etc., of said 
trust, its members and officers. 

AN AUSTRALIAN REPORT ON AMERICAN IRRIGATION. 

The following extended series of extracts are from a rei)ort on 
American irrigation to the governor of the Australian colony of Vic- 
toria, made by the Hon. Alfred Deakin, M. P., chairman of the royal 
commission on water supply, 1884-'85. They will be of great interest 
to the American reader, not only because of the author's lucid stj le, 
but because his field of investigation covers in a remarkable manner 
the lines of inquiry followed in collecting the materials for the first 
edition of this report, while he presents in much detail precisely the 
kind of information which it has been the object of the Department to 
collect: 

EXTENT OP AMERICAN IRRIGATION. 

The extent of the area irrigated in the West is the more snrprisin^ since the practice 
as compared with that of Eiirope is a thing of yesterday. In Mexico irrigation was 
practiced before the Spanish oonqnest, and there are afewsfiots in its old provmcesy now 
forming the southwestern States of the Union, where, either at the Indian villages or at 
the missions, plots can be seen which have been cnltivated for a century by its means. 
In Utah Americans began irrigating in a primitive way forty years ago, and their ex- 
ample was followed in that fashion, especially near the Mexican border and under Mex- 
ican tutelage, for ascore of years. But the real deyelopment of American irrigation, now 
so wide-spread, has taken place entirely dnringthelast quarter of a century, and mainly 
during the last fifteen years. During that period it has been lifted out of its early 
rudeness and carelessness into something like science and skill. Its traditions date no 
farther than this ; its reoords do not date so far. The strides it has taken may be 
juclged from the now current estimate that, as against 4,500 miles of canal in Lombard^, 
there are 1*2,000 miles of main canals in the West, and that the capital invested m 
and about them is expressed in millions of pounds sterling. 
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A VIVID DBSORIPTION OF ARIDITY. 

The irrigated lands of America, though widely varioas, wtay be divided into two ^reat 
elasses. The rolliog prairie» of Kansas and sloping ttpiahds iif Colorado tolong td one 
division. Poor and brown in ordinary seasons, their bnffalo and bnnoh grasses are 
often green after favorable spring rains, and it seems bnt natnral that, when a constant 
sapply of water is secured, these treeless expanses should be gradually con^^uered by 
the march of settlement from thickly-inhabited and closely^culti vated districts. Not 
80 with the sandy wastes stretching in a broad belt from the north to the south and 
Bouthwest of the arid region. Here there is no prospect of any early invasion due to 
pressure of population or overflow from crowded towns. Here there is nothing to at- 
tract, and everything to repel. Here even the rich red mesa lands that lie under the 
shadowof the foot-hills are desolate at all times and all seasons — so desolate that it seems 
impossible they should ever sustain a living thing. From them the illimitable desert, 
bare and blinding in its glaring barrenness, stretches far away to the mirage tdwers 
4;lHit shift along a dull and undefined horizon. Much of the soil is so powdery, even 
in winter, that it follows in a lazy trail of cloud the horse of the Solitary rider, «r is 
sucked up in whirlwinds under the scorching summer sun. Elsewhere its gravelly 
and gritty surfaces, strewn with splintered bowlders, are seamed into gaping gulches 
and fissures of inappeasable thirst. There is no grass, the efely vegetation Edng a 
withered-looking brush resembling salt-bush, the thirsty-looking cactus, a joic^leiis 
scrub like our ti-tree, or thorny variety of stunted palm. 

Such is the Mapimi Desert in Mexico, the Maricopa Desert in Arizona^ or the Mojavo 
Desert in California ; and such, without water, they mi»t remain. As It is, these wastes 
of sandy aridity and gray innutritious herbage, surrendered by natnre to solitirde, 
surround oases created and sustained by irrigation. In the distance <tiie track of a 
oanal, pleasantly breaking the dull level of the dried^up plain, is marked sonietim^ 
for miles by a line of green bushes following its sinuous course. By and by this line 
broadens as if into a great green plantation, dotted with honses, divided into gardens, 
and decked with flowers. Its little flelds, fringed with flourishing trees, arer bright 
with fresh-springing pasture, upon which stock am gazing, or else cro wiled 'with 
dark orange groves and clustering vines. In the center of it is a tiny township, busy 
with teams and traders, where the train stops for a moment or two. When it starts 
again the houses and trees vanish as if by enchantment^ and the engine rushes on 
through the dreary desert once more. 

It is thus that the eye bears testimony to the fruits of irrigation in the ^Sonth ; and 
in the North, though in a less striking way, the lesson is the (^ame. The unpreten- 
tious ditches that wind along the hill-sides or prairie ridges are not notable them- 
selves nntil it is perceived that, where they are not, a scattered hetd of ronghr «attie, 
a small party of roving Indians, or a burly rancher are the only objects of Interest, 
while where they multiply are the buildings, the banis, •aktd the bufifiness. A stretch 
of open country broken by long ridges of canals, its paddocks plotted off into little 
cheeks, with a barefooted Chinaman or high-booted Europeani spade in hand, direct- 
ing the water from one to the other, are common features of the land;Soiif)e,^ where 
one beholds industry and intelligence transmuting barren surfaces into orchards and 
fields of waving grain. Familiar, too, are the knots of active men, the little camp 
of tents, and toiling teams, that mark the progress of a new ditch into the wilder- 
ness, where it is to create a sfttlement and maintain it in the face of all seasons. The 
Indian viUage, the Mexican pueblo, the American township, all cluster aliout the 
natural stream, or the artificial stream which makes it serviceable ; for In these 
parched regions its progress is everywhere a triumphal march. It is here Veritably 
the water of life — life to the grass and flower, to the loaded tree, to nian, and to the 
city of meU; whose homesteads and harvests foUow in its wake. 

HOW THE WATER SUPPLY 18 PROVIDED. 

In western America the water supply is almost invariably ptt)Vided by private com- 
panies. In one instance, that of Los Angeles, Calif oruia, where this ntle obtains, a water 
supply has been undertaken by the municipal body, but it is not employed for domesHo 
purposes, being applied, curiously enough, to irrigation only. The outlay incurred is 
recouped by sale of the water to the farmers, a great number 'of whom haVe their 
plats Within the city boundaries. The local <50verning body of Salt Lake,' Utah, has 
also undertaken a similar work, thongh this is maintained out of the Ordinary rates 
instead of by sale of water. Local governing bodies, however, do not. iisa rule, go so 
far as this, even where, as in Los Angeles and Salt Lake, water for imgation is as es- 
sential to the maintenance of towns as is water for drinking purposes. The utmost 
they do is to permit, as in Carson, City, Nov., a canal 6 feet wide to run along a 
main road unfenced, or, as in Phoenix, Ariz, to }>ertoit ditches 3 feet and 4 feet 
de^ to cross their roads without requiring them to be fenced or bridged. 'Beyond 
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this, mnnicipalities do nothing. State governments hare never done anything in the 
way of undertaking or assisting in the constraction of irrigation works. They are 
not expected to undertake them, and there does not appear any likelihood of their 
ever having any proprietary connection with them. The Central (General) Govern- 
ment maintains if possible an attitude of even greater indifference. All the irrigation 
works of western America, with the exceptions above named, have been constructed 
and maintained wholly and solely by private persons. Not only has the Grovernment 
spent nothing upon them, but it has Known nothing of them. They have been con- 
structed outside the law, extra legally, if not illegally. Even now only t^o States and 
one Territory have attempted to deal legislatively with any of the problems raised, 
and it is not claimed that in more than one of these has anything substantial been 
achieved. In Colorado the State engineer has issued one report, which includes a t&s- 
ister of water-rights. In California the State engineer has issued one rei>ort specially 
dealing with irrigation, but there is no register of water-rights. In no other State or 
Territory is there either report or register. These reports are of great intrinsic merit, 
but have a further interest, inasmuch as they are the only official papers pnblished 
by any State bearing upon irrigation. 

DIFFICULTIES OF THB INQUIRY. 

Only the fringe of the subject having been touched officially, the visitor who desires 
to study irrigation finds that the data upon which he must build his conclusions are not 
to be obtained ready garnered in a State office, but that they are virtually uncollected, 
and must be sought tor in the fields of practical farmers. The officials of the Central 
Government and of the State governments exhibit the most considerate courtesy, but 
can only regret that they have been so hampered by want of means and authority that 
they have not been able to carry on their work in this direction, so as to place the ii mat- 
ter upon a scientific basis. This condition of things is doubtless largely due to the new- 
ness of the country, and will tend to disappear as these regions attain to the age, popu- 
lation, and organization of the Eastern States. All that could be done to urge the leg- 
islature of California to action has been done by the State engineer, who, with his col- 
league in Colorado, has managed at last to partially educate public opinion as to the 
duty of the State in this relation. But their best endeavors at present can only point 
to the sources in which knowledge must be looked for. The farmers of America com- 
pare favorably with those of any country in method, quickness, and caution, but they 
are not given to recording exact quantities of water, or the special conditions of its 
use, or yet the results obtained with the exactness required for professional investiga- 
tion. Many of them have been their own engineers or have employed engineers who 
either used no plans or have mislaid them. The many lawsuits as to the use of water 
now pending in California naturally render capitalists who have engaged in great irri- 
gation enterprises within its boundaries somewhat chary of giving their private rec- 
ords for publication. Again, partly because of the neglect of the various States to 
collate facts and figures relating to irrigation, each district has grown up with its 
own theories, prejudices, and customs, dmering often to a noteworthy degree from 
those of its neighbors. 

DIFFERENT WORKS IN DIFFERENT STATES. 

The circumstances of the several States also naturally lead to great differences in 
their irrigation works. The mountain torrents of Colorado require to be grappled with 
by large and powerful weirs before they can be raised, so as to cover the high rolling 
uplands, while the shallow rivers of Southern California call for light structures only 
capable of elevating water a few feet, so as to lead it across sandy plains. Farming in 
the bottom lands of Arizona has led to the use of wing-dams, which can direct the flood 
waters of spring along the ridges, and thence command the flats beneath, and a some- 
what similar class serve for the low levees of Kansas, while its bench or mesa Jands 
(the secondary flats or table-lands running up to foot-hills) call for larger ditches and 
stronger works, drawing their supply from the turbid Arkansas. In Utah and New 
Mexico we touch upon primitive works supplying small plats of land with little driplets 
of the precious fluid, out of which, with care and economy, thriving settlements are 
built up. The parent source of this system, and indeed of American irrigation, is 
Old Mexico, where irrigation, from the simplicity of the Egyptian water-lifter to the 
masonry weir and solid stone ac^ueduct of centuries ago, spreads its way over the 
wbole of the territory closed in its temperate and tropic zones. If it is difficult to 
arr ve at accurate information in the United States, in Mexico it is impossible. There 
is no trustworthy measurement of water, and but the lowest measure of products ; a 
majority of those who till are too ignorant, and the minority who own the soil too in- 
diffei;ent to record their experience; the State does nothing to assist, and has no bu- 
reau to take cognizance of this most important factor of its chief source of wealth. 
Everywhere in the States or in Mexico jprivate enterprise is supreme, and one learns 
only from private persons. The general condition is scanty collections of facts, and 
often opposite conclusions drawn from them. / 
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IRRIGATION SYSTEM AND LAWS IN MEXICO. 

Remembering the immense extent of the arid area, and the magnitude of the irri- 
gation already undertaken in it, one can not bnt be surprised at the nature of the legis- 
lation under which it has been developed. Still the omissions and mistakes made in 
the States furnish some valuable material. The Aztecs were experts in the art of 
irrigation when Cortez landed upon their shores, and the Spaniards who conquered 
them brought their "Law of Waters" into force in their possessions. Under the 
Monteznmas, water was the property of the commune ; under the Spaniards it be- 
come the property of the king. In both, the public interest was thus permanently 
recognized. Private acquisition was permitted for domestic purposes, but not for 
irrigation or industrial uses, except upon an authority derived ixom the crown or 
its delegates as representing the public interest. Property in water^ however, can 
be acquired by uncontested possession for twenty years, and is superior to property 
on land, since its owner has the right to carry it over any land which may lie be- 
tween its source of supply and the farm to which he wishes to appply it, on pay- 
ment of compensation and Justification of the route. There are a great variety of 
enactments relating to water in the several provinces and municipal districts ; but 
as the water available for private use has been almost all appropriated, there is now 
little ground for litigation as to new diversions. Public rights are jealously guarded; 
a land-owner neW the head of a stream may not deprive a land-owner lower down of his 
share. Unless he can obtain an official authority, he can use no water that is not de- 
rived from springs upon his own property. The chief measures of water are the sulco, 
which is equivalent to a flow of 0-23 cubic feet per second ; the naranja, which is one- 
third of a sulco ; and the paja, which is equal to 0-00053 cubic feet per second. In the 
City of Mexico and other important municipalities the paja is the unit of measure- 
ment nominally employed. Law suits relating to the use of water are not uncommon ; 
but nevertheless the law, with all its defects, appears to be fairly comprehended 
and obeyed. In what were Mexican provinces, California, Arizona, and New Mexico, 
the practice of irrigation was established, though on a very small scale, before their 
annexation to the United States, and has since developed to a considerable degree on 
the same lines, the only cardinal principle recognized being that of one appropriator 
over another in the order of priority of use, the issue of Mexican grants and the . 
wholesale incorporation of English common law having combined to confuse the legal 
position of irrigation. 

COLORADO AND ITS IRRIGATION LAWS. 

In all matters relating to irrigation the knowledge of what is to be avoided is of equal 
value with the knowledge of what is worthy of Imitation, and this is particularly the 
case in regard to irrigation law. The enactments which have proved advantageous, 
and'their particular deficiences, are both worthy of close attention. As the laws of 
Colorado are by far the most successful, they may be fairly allotted the first place. 
By the constitution of this State all streams within its boundaries were declared to be 
public property. By this one declaration a thousand and one sources of contention as 
to riparian rights were altoojcMier closed. By special enactment it next provided for 
the proving and registry of every water claim. These were allowed by the courts in 
their order of priority, and to the amount of water which had been actually used. 
When these points had been adjudicated upon the claims were then published as 
rights. The consent of the state engineer was required before the issue of any further 
right's. Under a further provision the national value of irrigation was recognrzed as in 
Mexico by the granting of a general power to any person to obtain an easement for his 
canal over his neigh boi-^s laud upon payment of compensation. Twenty-six water 
districts were defined according to the natural areas of drainage and supply, and a 
water-master for each was appointed, whose duty it is to decide disputes between 
appropriators and supervise the general distribution from a particular stream. By 
these simple means a h6st of difficulties and complexities were escaped, permanence 
was given to existing works, and encouragement olfered for the construction of new 
works. It is not surprising, therefore, that in mileage of canals or acreage irrigated, 
Colora<lo more than doubles any other State, or that its works are the greatest and 
most permanent, and are most rapidly extending. The Territory of Utah has shown 
its appreciation of such results by copying as closely as convenient the legislation of 
Colorado. Its powerful church government has proved an invaluable administrative, 
judicial, and organizing agency. In California a move has been attempted, and much 
less achieved. In that state there is no constitutional or statutory provision that the 
waters shall be public property, but the common law of England has been incorpo- 
rated in the civil code of the State, so far as it is not repugnant to or inconsistent with 
the Constitution of the United States, or the constitution or laws of this State (sec- 
tion 4468); as a consequence the doctrine of the right of a riparian proprietor to receive 
from the riparian proprietor above, and his obligations to deliver to the riparian pro- 
prietor below the water of the stream upon which his land abuts undiminished in 



quantity and unimpaired in quality has been revived. 
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CUMATB AND IRRIGATION. 

l%e irrigation area in America stretches from tiie snows of Colorado to the per- 
petual snnshine of Mexico, and from the shores of the Pacific to the valley of Uie 
Mississippi, embracing as great a variety of climate as is to be found in the whole of 
Australia. Over the whole of this great surface are scattered patches of irrigated 
land, and nowhere, north or sonth, east or west, does there appear to be any reiin- 
q«iishment of irrigation on account of climatic conditions. It is needless to add that, 
compared with the whole extent of this territory, the irrigated area is infinitesimiU, 
but the fact stands that the high plains of Colorado, 5,000 feet above the sea, the 
bleak prairies of Kansas, the sandy waste of California at the sea-level, or the arid val- 
leys of the Mexican plateau, 7,000 feet above it and within the tropical zone, are M 
susceptible of irrigation. The only want is want of water. Climate limits the Col6- 
mido larmor to a short season of one hundred days, while in Los Angeles or Leon cul- 
tivation is carried on all the year round. Climate determines the class of products 
that can be profitably raised, and temperature of course affects the quantity of water 
necessary to be used. 

THE WATER SUPPLY. 

Bain-fall. — The arid area of the United States, by the terms of Major Powell's defini- 
tion, includes only lands where the rain-fall is under 20 inches per annum. Over the 
great belt in which irrigation has so far had its chief development the record for a 
series of years gives but a little more than half that quantity, so that 10 to 12 inches 
may be taken as a fair average, though the extremes show a much wider variation. 
In northern California and among the mountains to the east the rain-fall rises to 40 
inches, while in the deserts of southern California it falls to 4 inches. In western 
Kansas the fall not infrequently reaches 20 inches, but this is so irregular that the 
farmer who relies solely upon a natural supply loses more by the drv seasons than he 
can make in those which are more propitious. The question as to whether settlement 
increase the rain-fall in the West as it nas increased it in the Mississippi Valley is still 
undetermined, for though popular opinion is decidedly in the affirmative, the State 
engineer of Colorado points out that omcial records so far do not support the assertion. 
The exceptions to this are that Salt Lake, Utah, appears to be stea<lily gaining In depth 
and that dew is now observed at Greeley, in northern Colorado, a phenomenon quite un- 
known until irrigation had been practiced for some years. Nor doesthe mere amount of 
rain-fall indicate sufficiently the necessity for an artificial supply of water unless aJso 
the seasons in which it falls are taken into account. In parts of Dakota and Minne- 
sota, where the rain-fall only averages about 20 inches, dry farming is carried on, 
while in districts of Texas, where the figures are as high, it would be impossible to 
obtain the same results witnout irrigation. 

The explanation is that in Dakota nearly 75 per cent, of the rain falls in the season 
when the farmer needs it as against about 50 per cent, in Texas. Indeed a gradation 
may be observed in this scale from north to south, since in Kansas some <>5 per cent, 
of the rain falls in the spring and summer, while in the extreme sonth, as at San 
Diego, onlyhalfof the whole rain-fall of 9 inches fajls in the spring, and is consequently 
useless for agriculture. There is some irrigation in Dakota, as also in Iowa and 
. Wyoming, but not nearly so much as in the States to the southward, where even if 
the rain-fall were as high its distribution would render it insufficient. The quantity 
of water needed is also affected by temperature, for the higher it reaches the more 
water is demanded. The loss by evaporation has not yet been determined for the 
several States, but it is stated that in very arid tracts it rises to over 60 inches per 
annum. The fact that irrigation is resorted to under such conditions should be borne 
in mind when we consider the wisdom of securing an artificial supply in places where 
the yearly fall is often sufficient. 

Mivers. — That great backbone of the North American continent, the Rocky Mount- 
ains, traverses, with its companion, the Sierra Nevada, the whole of the Southwest, 
pouring from its snow-fields permanent streams in greater profusion that Victoria 
possesses. They rush from the rocky gorges wit into the open country, running often 
bank high, and thus facilitating the diversion of their waters over the surrounding 
lauds. But the majority of them are small, and where the supply is one peculiarity, 
of the utmost value in irrigation, is that they run along the ridges of the plain, while 
the conntry slopes away from their banks. In the south the rivers which supply the 
chief settlements are very shallow, and run in broad, sandy beds, often changing their 
course. The States have, as we have, streams which are a chain of pools for one- 
half the year, and often a torrent during the other half, while with them the meltine 
of the snow supplies the water in volumes, as in the Murray, just when it is most 
required. 

In Colorado the San Luis and Saguache dissipate themselves in the plains, while 
in southern California the Kern, in Utah the Jordan, and in Nevada the Carson, 
Truokee, and Humboldt terminate in lakes which have no outlet, thus ftirnishing 
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Itarallels to the Wimnieray Richardson, and Dauinunkle of oiir own colony. One 
leatore of many American streams, espt^cialiy of those in sandy beds, is that they lose 
a great quantity of their flow by soaJcage, which in some cases returns to them by 
the same means. It has been observed of some rivers in New Mexico, as in Italy of 
some tributaries of the Po, that the stream tapped by a large irrigating ditch and 
robbed of a considerable share of its flood, regain it all again a few miles lower do wn. 
Itihas been found also that old river-beds still carry a flow underground, and that some 
running rivers have but a fraction of their streams above ground. In California 
sometimes as mnch as twO'thirds of a stream has been found below its bed, and con- 
sequently what are called submer^edor subsoil dams have been occasionally employed 
with great success, as in the Santiago Valley and at Downey, to arrest these escapes 
and bring the whole body of water to the surface. Another characteristic of Ameri- 
can rivers is that no matter how clear the water may appear it almost invariably 
carries with it a sediment, which is in the majority of cases a valuable fertilizer. 
There are rivers, such as the King's River, California, which are said to carry no silt, 
and yet to fertilize the land, in which case it is to be presumed that the water acts 
as a solvent, disintegrating the coarser particles of the soil and prepai'ing the fertiliz- 
ing elements for absorption in plant growth. The topography of this State^ Cali^ 
forniAy has been especially favorable to small schemes, and has induced the farmra, 
by his opportunities of obtaining water when he most needs it at a minimum of labor 
and expense, to commence experiments on his own land. 

Springs and wells, — In the matter of the supply obtained from underground, Ameri- 
can experience is, on the whole, encouraging. In Los Angeles and San Bernardino 
Counties, Cal., there are springs or springy marshes called cienagas which irrigate from 
20 to 400 ucres each, and together supply an area of 7,000 acres of cultivated lands. 
Such springs are an important source of supply in Italy, where they are sty led fontanili. 
Hore some are so charged with mineral matter as to be unfit for use and have usually 
so small, a flow as to be employed for orchard irrigation only. At San Gabriel, 
Cal., a vineyard 1,200 acres in extent is supplied solej^ by springs or artesian wells, 
of which there are twenty-one on the estate, ranging from 75 to 100 feet deep. In 
southern California, altogether there are calculated to be one thousand of these 
well^, varying in depth from 200 to 550 feet ; some of them have a flow of 1.7 
cubic feet per second, and suflice for the irrigation of small farms. On one estate 
there are fifteen of an average depth of 200 feet, yielding water at the rate of 
2. 2 cubic feet per second. Artesian water has been, if anything, rather dearer than 
canal water in California^ but has the advantage of being at a higher temperature 
than snow-fed streams. 

In Santa Clara County, Cal., there is an artesian tract yielding 2,0u0,000 gallons 
every twenty -four hours, but the greatest supply from such sources is at Denver, 
Colo., where a stream of 2,880,000 gallons per day is derived from eighty wells, which 
range from 300 feet to 900 feet deep. In sinking these the ** club-churn '' drills have 
been found cheaper and quicker than the diamond drill, sinking 45 feet in twelve 
hours, as against 15 feet with the diamond drill, or 90 feet in twenty-four hours 
as against 35 feet. When artesian water is nsed the wells are, where possible, put 
down upon the h ighest part of the farm from which the water can be most easily distrib- 
uted ; ^hen the water is raised by meaud of a windmill from an ordinary well, which is 
usually upon low ground, it is delivered intoalight woodenflume, which conveys it into 
a reservoir on some commaudiug spot. In California, and especially at Florin, water is 
Taised from depths of 10 to 20 feet in a steady stream by means of windmills, ond of which, 
as a rule, can supply 2 to 3 acres of laud with water. Further south the water is raised 
from more than twice this depth by the same means. In most cases the water is bored 
for and struck, but does not rise to the surface, the windmill being employed to lift it 
the extra distance. If water were found without boring at 10 feet deep irrigation for 
vines or lucern would be considered superfluous. The utilization of such small quanti- 
ties of water as can be obtained by these means attest the value set upon any snpply, 
however minute. Though the streams of the West are considerable in number, they 
are small and far between in almost every district in which irrigation is necessary. 
There are most extensive areas without appreciable rainfall, without rivers, and 
without springs. The irrigable area is narrow and widely distributed, occurring, 
except in Colorado and Kansas, in comparatively small allotments. 

' IRRIGATION WORKS AND THEIR CONSTRUCTION. 

It is next desirable to consider the means by which water is diverted and the 
methods of its application, so as to share any knowledge which Americans possess in 
these directions. To comprehend the nature of their works it is desirable to bear in 
mind their history, for they have rarely been the result of one foreseen plan, but 
have, as a rule, been brought into their present condition piecemeal. It must be re- 
memhered.that thejr are not State works, and that in many cases they were not con- 
Btmoted by companies or capitalists^ but by the farmers themselves^ either suigly or 
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bauded together. On the faith, perhaps, of a good season the settler had taken np 
land and after his crop was in had seen himself in danger of losing it, or else in sheer 
desperation he had settled without expecting a rain-fall and determined to try the 
Mexican custom of flooding his fields. In either case his necessity has been the same. 
He must have water or be ruined. If it did not fall from the clouds he has asked 
himself why it should not prove as efficient if obtained from the nearest stream. 
With this pressure upon him he has not waited to inquire into his legal rights or 
seek for engineering skill or hold public meetings. He has hitehed his team and with 
plow and spade run a rough diteh to the river bank. By cutting this through, and 
if necessary throwing up a slight wing-dam to turn the water in, he has been able to 
soak his fields, save his crop, and probably get half as much again as an ordinary 
yield. Stirred by this gain, and by a strong sense of successful self-reliance, he has 
made his work permanent. A neighbor has joined him in enlarging the diteh, and 
then shared in Ite benefite. Others have been encouraged to face the same task. 
Where several were interested they have joined their forces, apportioned the work, 
and each carried out his share or paid for ite being carried out for him. By these 
moans a great number of so-called works have been constructed, and, let^ning from 
them, the small capitalist and the large capitalist have followed suit, and have built 
canals to supply water for use upon their own lands or upon lands which they wish, 
to let or sell, or Upon the lands of others to whom they intend to dispose of the water 
they have secured. 

These works have been built often without engineers, almost always without plans, 
and their defecte are patent. The weir head-gate or wing-dam, as the case may be, 
has been carried away several times, and has probably cost more to replace than a 
substantial structure might have cost. Then tue easiest courses for the ditehes have 
been cbosen, so that, instead of running on high land, they have even followed old 
water-conrses, and thus have commanded from the canal a much smaller area and 
more imperfectly than they should have done. There have sometimes been no sur- 
veys, and as a consequence curves have been too sharp and grades too steep, so 
that ditehes gradually destroy themselves, cutting out tneir own banks and fiUlng 
in their beds. Or, perhaps, an opposite fault has been committed, and there has not 
been current enough to keep down the water weeds which spring up in the channel 
and choke it. 

Then, again, the natural result of individual efibrt of this kind has been that sev- 
eral canals have been built where only one was necessary. For instance, there are 
five ditches supplying the Mussel Slough district, California, where one would carry- 
all the water with far less loss in the carriage. There are thirty -two canals taken 
out of the Kern River, where eight would have been abundant; and at Fresno half 
a dozen where two would have sufficed. What loss this involves may be estimated 
from a calculation of the State engineer, who, after a careful examination of two of 
these canals, finds that their combined stream could have been carried in one chan- 
nel at a saving of 20 per cent, of the water conveyed. The engineering defecte of 
such works are palpable, and are not disputed or disguised. At the same time it 
would be a mistake to condemn them out of hand. At least they have served their 
purpose for a time— it may be wastefully, but the waste could not have been pre- 
vented. Crop after crop has been saved — the farmer has kept his land, has built his 
house, and cultivated his plot comfortably by their means. If he now possesses the 
knowledge needed to irrigate and build ditches, and has the money in his pocket to en 
able him to use his knowledge, he owes it all to these first rude efforts of his by which 
he put the water upon his fields cheaply and without delay. 

>^very where, however, engineering work is characterized by extreme simplicity 
a. d economy ; it is rarely massive and never ornamental. There is no attempt at 
finish, but only at « fficiency. Water- works in the West are like railways, often 
made to pay for their own construction. At first just enough work is done to 
enable them to yield a return, and then additions are made from time to time, until 
at Inst they are brought into a condition of stability. In places where it is cneaper 
to build a new weir or wing-dam of brush and sand every year than to pajr in- 
1 crest upon the sum required for a permanent structure the temporary work la inva- 
riably resorted to. 

It 18 rare also that any work is built strongly enough to endure all contingencies. 
The practice is to put up a weir that will stand in oi^inary seasons, foreseeing that 
it will be swept away by the first of the heavy floods which occur periodically every 
few years. 

There are many ingenious engineering devices for decreasing expenses, but this 
principle of risk to save interest governs all. American engineers Know that these' 
works are not permanent when they build them. As a rule they have the profes- 
sional dislike of building temporary works, and, not having to provide the funds, 
prefer structures that will prove a lasting credit to them ; but shrewd capitalists 
have tested the principle in practice, and they find it pays to resort in many eases to 
these slighter works. (^ ] 
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SOME OP THE PKINCIPAL WORKS. 

AmODg th eillnstratioDs of this combination of risk with very clever en^neering^ 
there are Done better than those to be found at Bakersfield^ where Mr. James, as 
engineer for Messrs. Haggin and Carr, has had a large field for the display of bis* 
ability. Tinaber is cheap in America, and California is favored with the redwood, 
which is soft, easily worked, and yet durable ; consequently it is almost wholly 
employed by Mr. James upon his 250 miles of canal. His main gates cost from 
£40 to £60, while his head-gates, controlling a flow of 30 feet or 40 feet of water' 
3 or 4 feet deep, are erected for £600. A wooden weir in the Callaway Canal, 
costing only £2,600, is 700 feet long, can be put in place in a couple of hours, and 
is ingeniously arranged so that its superstructure is rapidly removable. Many of* 
the contrivances employed on these ranches are well worthy of imitation wherever 
shallow streams are to be dealt with in a level country. The combination of 
weir and bridge in the same wooden structure is another feature of these works 
well worth the attention of local governing bodies, one of these, 360 feet long, 20 
feet wide, raising the water 5 feet, and reckoned to have a life of at least twenty 
years, being built for less than £2,000. 

In the streams of southern California, which are of no ^eat depth as a rule, brush- 
work is generally used for weirs and dams, sometimes being loaded with sand-boxes 
or sand-bags or protected with fascines, loaded down with cobble-stones. Thus the 
San Joaquin and King's River Canal, California, has such a win^-dam, 350 feet long, 
as has the Larimer and Weld Canal, Colorado, where the dam is 177 feet long and 5 
feet 8 inches high. Examples of this class of construction on a great scale, though 
not for irrigation, may be found in the Yuba and Bear Rivers, where two dams 
may be seen, one of them 8,900 feet long, and the other 5,875 feet long, ranging from 
3 feet to 15 feet in height, and from 60 feet to 120 feet in width. Perhaps the largest 
irrigation head-work in this style is that of the Eureka Canal, in Kansas, which is 1,500 
' feet long and 8 feet high, supported by a dike a mile long on the south side of the 
river, and diverting 5 feet of water through a cut in the banks of the Arkansas, 16 ' 
feet deep, into a canal 28 feet broad at the bed and 80 miles in length. The diiDcn- 
sions of these works, together with the stability of such head-gates as that upon the 
76 canal, Fresno, Cal., which is also a bridge of 100 feet long and 20 feet wide, 
and raises the water 5 feet at a cost of £1,000, and the ingenuity of the head-gate of 
the Chowchilla Canal, resting upon a quicksand, as described in the engineer's re- 
port, are evidence enough of the ability which is displayed in many works. In 
northern California there are both dams and weirs, of great height and excellent 
simplicity of structure, erected for mining purposes, and now, in a few cases and on 
a small scale, utilized for irrigation as well as motive power. For the most subtsan- 
tial of all head-works, however, we must look to Colorado. 

There are some small stone weirs in the South, and some fine pieces of masonry work 
of great antiquity in Mexico, but none of these are liable to such enormous strain as is 
met with in the wild eafions of the Rocky Mountains. The South Platte Weir, for in- 
stance, is 120 feet long from the cliff on the one side to its waste-gate of solid masonry, 
24 feet wide, on the other, raising the water 14 feet by means of a frame- work of 12 by 
12 timbers bolted into the bed-rock, filled with stones and planked on the face withe- 
inch boai'ds. The apron extends 54 feet up-stream and 18 feet below the weir, the water 
having a perpendicular fall . The waste-gate and off-take are both protected by substan> 
tial "booms'* or **grids,'' the latter 72 feet long, built of 12 by 12 timbers. These 
. admit the water through bars below the surface and protect the work from the trunks 
of trees, which are carried down with great force when the stream is high. These 
"booms" are in frequent use in Colorado, and are worthy of note for application upon 
the many Australian streams in which heavy floods invariably whirl along with them 
great quantities of timber with a force that would destroy an unprotected structure 
as speedily as a battering-ram. The weir across the North Poudre endures even fiercer 
floods, and is more massive in structure, stretching 160 feet across a rugged cafion, 
from wall to wall in the form of an arch, bending up-stream, and composed of strong 
cribs filled with stones ; it raises the water 26 feet into its flumes. The lower face 
consists of three steps pitched with stones, which are so keyed in each other that the 
pressure upon them only serves to wedge them more firmly in. As it has stood two 
or three severe floods without sustaining any damage it may be considered a success, 
more especially as though situated in an out-of-the-way district over 20 miles from 
the nearest station, and a mile up an almost inaccessible gorge, its cost was less than 
£2,000. It was considered worthy of being made the chief subject of a special paper 
read before the Institution of Civil Engineers in London. 

Enough has been said here to indicate the character of the chief classes of head- 
works, of which there are a great variety in each State. The minor works, such as 
drops, gates, or regulators, are usually of wood, and of simple design. In the South' 
Platte Canal a much superior gate may be seen, the ofl-take from the main canal 
being by means of an ea^henwaie pipe set in stones, beyond which is the usual gate' 
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and a measaring weir. The head-gates, however, inolade but a small part of the 
works undertaken in order to secure a supply of water. There is a prevalent idea 
thaft in Anieriea the streams only require to he touched with a spade to pour them- 
selves upon the farmer's sown lands. That snch is not always the case in Colorado 
may he seen from the f»ct that the South Platte Weir referred to above, built at a 
cos^ of £4,000, serves to raise the waters to the level of a tunnel 600 feet long, 20 feet 
wide» and 12 feet high, hewn through the solid rock, at an outlay of £12,000, empty- 
ing its tide into a wooden flume 2,^0 feet long, 28 feet wide, and 7 feet deep, which 
cost, nearly £20,000, and is sapplemented further on by othor wooden flumes along 
the 83 miles for which this artificial river has been excavated across the plains. 
The North Poudre Canal has about a mile of wooden flumes, and three tunnels, 
one of them 900 £»et long, necessitating an outlay of £10,()00 for its first mile 
before it touches the open country, through which it flows for 50 miles. Nor is 
expendi^re of t^is character limited to great canals supplying large areas. The price 
tiha^^an be paid for water may be better understood by noting what the outlay is 
upon small M^as. 

A^ J^asftdena. wjiere th^re are but 1,500 acres to supply, the water is carried from 
the weir by a flume 700 feet lou^ into an iron pipe 3 miles long, from 13 inches to II 
inob^ in diameter, to a reservoir with a capacity of 3,000,000 gallons, party rock- 
walled and partly cemented. From this another iron pipe conveys it to the land to 
be irrigated, whUe a lower portion is supplied from another source by a pump throw- 
io«r 30,000 gallons an hour into another 500,000-gallou reservoir, from which it is dis- 
truiuted by a mile and a half more of iron piping. The total cost of these works is 

f liven as £8,000. The Lake Vineyard Company to the east have a concrete ditch 
7,000 feet, long and a (quantity of iron piping simply to water their own vi|ies. The 
supply to the neighboring colony of Anaheim is carried in a flume 6,970 feet in length. 
At Kedlands there are miles of iron piping I foot in diameter, carrying 5 cubic feet 
of water per second from the weir to the 2,400 acres which it is intended to irrigate, 
upon which there are stand-pipes and iron measuring weirs to every allotment. At 
Ontario, with its 8,000 acres, the arrangements are equally perfect, a large portion of 
ita supply being obtained by a tunnel nearly 3,000 feet long, upon which £IO,UOO have 
been spent* An illustration of another class of water^works on a great scale may be 
seen among the mountains of Nevada, where there are wooden flumes from 50 to 80 
miles in length, down which sawn timber is floated from the forests among the hills. 
The distance which great streams of water have to be carried before they can be 
i^tilized may be Judged from a few illustrations. 

The Dodge City Canal, Kansas, is 90 miles long and 50 feet wide ; the San Joaquin 
and King's River Canal, California, 78 miles long and 68 feet wide ; the South Platte, 
Colorado, is to stretch ItiO miles when completed ; while the Great Eastern, Kan- 
sas ; the 76 Canal, Fresno, Cal. ; the Larimer and Weld, Colorado ; the Arizona 
Canal, Arizona, all range from 40 to 60 miles in length, with a breadth of over 30 
fciet. Ip cou^derjng the length pf these canals, it should be remembered that some 
of them have been carried much farther than the natural circumstances required, 

Eassipg irrigable lands in their course just as rich as those they reach beyond, 
ut which are unsnpplied because they do not belong to the proprietor of the 
ditch. The area of irrigable land under canals of these dimensions amounts 
often to from 50,000 acres to 250,000 acres each, but from none as yet is more 
than, the smaller quantity under cultivation. In Utah, settlements have been 
abandoned because they were located too far from the streams supplying them. The 
higher up-stream an ofl'-take of a canal is, and the shorter the distance water is car- 
ried to land, the less the loss by soakage. The more favorably situated flats, however, 
usually lie farther down-stream, and as tliese are always the first to be Irrigated it be-; 
cpmes necessary for the later settler to take up higher ground, to water which h^ 
must go farther up the river. There is thus a tendency for the canals to become 
longer as the country is taken up. It is unnecessary to describe ttieir construction, 
for they are merely ditches of sizes and grades varying according to the soil in which 
they are cut and the water they have to carry, which isfromi cubic foot to 2,000 cubic 
feet per s#*condk The average cost of a 30- foot canal is reckoned in ordinary country 
at, from £200 to £300 per mile by Colorado engineers. The average grades chosen are 
from 1 to 3 feet per mil^: the banks, in most places, being on the slope of 4 or 5 to 1. 
The breadth is adjusted so as to equalize the discharge, being greatest where the 
grade is least* 

The amount of money which private persons have invested in these works shows 
thl^t the Piospects of profit are tempting. The San Joaqnin Canal represents in direct 
and indirect outlay £260,000; the Dodge City, £160,000; the South Platte, £150,000; 
th^ Arizona, £100^000; the North Poudre, £50,000, and the City Ditoh, at Salt Lake, 
£45,000. Several of these are built h^ companies which have other canals of ooniddr 
e^rabl^ size and land purchases made in connection with them, in which even larger 
sums are supk* Two companies in Colorado control between them nearly 500 miles 
of r main canals, whiotib together with the land they were constructed, to water, rep* 
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resent an outlay of more than half a million sterling. Ab far as can be judged 
there are no apprehensions entertained as to the future of snch investments ; their 
proprietors appear satisfied with their returns up to the present time, and not unwill- 
ing to enter upon extensions of their existiug enterprises. Still the figures, even 
now, should make it plain that irrigation in America is not the simple matter it' has 
been supposed, but one that taxes the capital and enterprise of even a speculative 
peoi^« 

THE PRIMOIPAI^ IRRIGATIOlf BBSBBVOIBS. 

Next to head-works, the most important feature is the provision of storage, by means 
of which the surplus of winter rains or spring floods may be retained for use in time of 
need. The surveys made in California and Colorado so far have discovered many nat- 
ural depressions of no great extent, but still valuable in connection with irrigation 
schemes. In Los Ange^ County are to be found a number of reservoirs already built, 
some of them cemented ; others, such as those of the Lake Vineyard Association, com- 
posed of the natural soiL Most of these are small, the largest containing 21,000,000 
gallons. The cost of excavation here was from 7«. 6d, to 12a. 6d, per thousand cubic 
feet of storage. In New Mexico, by means of a series of earthen dams, one farmer 
has created seven reservoirs, from which he can command, with a reserve supply, some 
2,000 acres of his estate. In Colorado the mountainous character of the country has 
been favorable to the construction of similar works, the State engineer recording a 
nnmber of them at 6 fleet to 35 feet deep and 10 acres to 500 acres in extent. The 
largest is that in connection with the Big Thompson Canal, which covers 427.35 acres 
to a depth of 35.8 feet, of which 21.8 feet is available, and is expected to water 
12,000 acres. A chain of such reservoirs is being added to the North Poudre works 
previonsly referred to. But by far the greatest of these reservoirs is situated in the 
Bear Valley above Riverside and RedlandB, Cal., where, by means of a wall of 
masonry 300 feet long and 60 feet high, 8,000,000,000 gallons, or more than the con- 
tents of the Yan Yean when full, are preserved, owing to exceptional natii-ral advan- 
tages, at a cost of £12,000. This will give a continuous stream of 150 cubic feet per 
second for 100 days, which, on the scale of supply adopted at Redlands, should water 
at least 50,000 acres. A still larger reservoir is projected in southeastern Colorado, 
where water sufficient to supply 100,000 acres is to be stored, in connection with a 
canal 80 feet wide, 7 feet deep, and capable, with the reservoir, of irrigating twice 
^at area. 

CONSTRUCTION IMPLElifBNTS. 

The implements themselves are various, and a considerable portion of the saving is 
made in the knowledge when to use one and when to replace it by another. To begin 
with the simplest kind of construction, that of field ditching, the farmer does this, as a 
rule, with his plow, with which he can easily run a ditch of a few inches capacity across 
the field. If he intends to widen it while keeping it shallow he employs the ditch plow, 
which consists of a blade suspended behind the share so as to push tbe earth which it 
cnts to one side. In many soils this is found to be an invaluable implement. When 
the work is more roughly done, what is known as a V scraper is brought into play. 
This varies from a mere log of wood with a couple of old spade heads nailed in uont, 
forming a sharp prow, which is its rudest form, to a triaofjle some 6 feet wide at its 
wooden base, from which proceed two long iron blades forming the acute angle. 
Itstise is always the same. It is drawn by horses and steadied by the driver^s weight, 
so as to push the earth outward fh)m a simple plow furrow or series of furrows, and 
thus form a ditch. When this is over 6 feet in width a " side-wiper " is generally 
substituted, which is a long iron blade, lowered from a frame which rests upon four 
wheels, so that when drawn by a powerful team it slants the plowed soil to one side. 
In light soils and for large mtohes an elaborate machine is used, which not only 
plows, the earth but takes it up and shoots it out upon the banks a distance of 10 
or 12 feet, to either side, at the rate of from 600 to 1,000 cubic yards per day. 

But the implement most in use for operations of any extent is the iron '^ scraper,?' 
which is found in many forms, sometimes runs sledgewise, sometimes upon wheels, 
and ingeniously fitted so as to be tilted without efibrt. For a long pull wheels are 
considered best, and for steep banks runners have the preference, but scoops are pre- 
ferred without either for sandy soil. The kind of soil to be moved and worked upon 
and the length of haul are always taken into account in determining the class of 
scoop used. In constructing a deep canal a haul of 1 foot upward is reckoned, the 
equivalent of 50 feet on the level, and with an experienced driver and. a team or 
two of horses or mules a scoop is expected to remove from 80 to 120 yards per day. 
Sometimes in railway work one man is told off to every fonr teams to fill tbe scoops, 
but in the majority of cases the driver does this himself. There is another implement 
knowu as the buck scraper, which for ordinary farming use in light soils and in prac- 
ticed hands accomplishes remarkable results. It consists of a strong piece of 2-inch 
^mber, from 6 feet to 9 feet long and 1 foot 3 mches high; with a 6-inch 9te9l pUte 
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along its face projecting 2 inches below its lower edge, and is strengthed with cross- 
pieces at the back, where there is a projecting arm, npon which the driver stands. 
Like the ordinary scraper, it is also found on wheels and mnners and in many pat- 
terns, and is drawn by a pair of horses. Instead of taking np the earth as the scoop 
does, it pushes the soil bNeiore it, and when under good command does snch work as 
check-making, ditch excavating, or field leveling, in sandy soils, with marvelous 
rapidity. Work with the scoop costs, as a rule from Ad. to 6d, per cubic yard ; when 
the cost reaches 9d. it is considered time to set it aside. 

With the buck scraper work has been done in favorable localities as low as 2df and 
even a penny, per cubic yard ; and it is astonishing to note the number of uses to 
which tnis simple implement is successfully applied. Where the leveling of fields is 
difficult a machine is sometimes used which cuts off the tops of mounds or ridges and 
drops the stuff in the first hollow over which it passes. The windmills for raising water 
from wells have been already alluded to as have the boring machines at Denver. 
Where the water is to be raised from a running stream a wheel is employed turned by 
the current, raising little bncketsful and pouring them into a wooden flume from 1^ 
feet to 20 feet high. Many little contrivances, snch as a movable iron grate or ^* ta- 
pon," for diverting water at any point from field ditches, and shaped like a railway 
disk, are to be met with. 

DISTRIBUTION BY PIPES. 

In this connection it may be well to notice the variety of pipes employed for water 
supply and likely to be more employed as water becomes scarcer and fruit raising in- 
creases. Where suitable materi^ is at hand it is not uncommon to find ditches, as at 
Lngonia, Cal., roughly paved for 6 or 7 miles, thus saving one-third of the water pre- 
viously lost in this distance. Again, the South Fork ditch, from the Santa Ana, is 
made in a similar way, by neatly fitting cobblestones together, and with an equally 
satisfactory result. Near Passadena, as already mentioned, there is a concrete ditch 
more than 5 miles in length. This mode of ditching, however, is not always possible, 
and where such an outlay can be faced it is generally advisable to use pipes. The 
greater profits realized m>m fruit-growing encourage such an expenditure, by means 
of which a very small stream can be made to cover a comparatively large area. 

Pipes can either be employed to bring water to land npon which it is to be used or 
they can also be carried on so as to distribute the supply throughout the cnltivated area. 
Thislatter process, known as subirrigation, will be described at a later stage. When 
it is practiced a simple machine is generally used, by means of which a cement pipe is 
made in the ground and in position, thus saving the risk of transportation and some 
cost of labor. The scale on which this has been attempted is not as yet sufficient to 
demonstrate its universal efficiency. For main channels a concrete pipe, cheaper than 
earthenware piping, is largely in use in the ''colonies'' of southern California, as at 
Ontario and Pasadena, where it has proved durable and serviceable under low pressure. 
In the San Demas Gallon there are 3 miles of this pipe, 5 inches in interior diameter, 
carried alon^ the face of a cliff. Its most formidable rivals have been a riveted and 
asphalted pipe and a light laminated pipe, both of wrought iron, the latter made by 
telescoping one sheet-iron pipe into another when submerged in asphalt and tar, and 
thus filling up the small space between them with the mixture. ' As a 4-inch pipe of 
this pattern is supplied for practically the same price as that in cement, and has proved 
itself capable of withstanding great pressure, the preference, on the whole, appears to 
be given to the iron. Where it is found, as in Utah, that a ditch 3 feet deep, whicb 
is 20 feet wide for the first 23 miles of its course, can in the next 2 miles carry all that 
is left of its stream in a width of 12 feet, it becomes plain that where water is valu- 
able there is a fair margin to pay for piping. 

METHODS OF IRRIGATION. 

Flooding, — ^The earliest, easiest, simplest, and cheapest method of irrigation is by 
flooding. The water is then directed so as to cover the whole area under cultivation 
to a depth varying according to the crop and the quality of the soil. This plan is the 
most wasteful of water, but can not be avoided in the cultivation of cereals. The only 
work it involves in the field is that necessary to permit an even flow of water. With 
a regular slope this work is sometimes trifling, but as a rule some preliminary outlay 
is required for leveling inequalities, or else providing for the equal distribution of 
the stream from points of vantage. When the fall is slight, shallow ditches are ran 
in Colorado from 50 feet to 100 feet apart in the direction of tiie fall ; when the land 
is steeper they are carried diagonally to the slope or are made to wind around it^ and 
from these, by throwing up little dams from point to point, the whole field is inex- 
pensively flooded. When the fall is still greater and the surface irregular ridges are 
thrown up alons the contour lines of the land, marking itoff into j>lots called ** checks," 
on the whole of the interior of which water will readily and rapidly- reach an equal 
depth. When one plot is covered the check is broken and the T^ratiif f^4?l*t^^ 99 ss 
in the same way to cover the next plot. r^^^^]^ 

Jigitized by VjOOQ Ic 
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The ridges or ** levees" mast have rounded crests and easy slopes, or else they in- 
terfere with the use of farming machinery, such as thestripper. By means of diagonal 
farrows and checks remarkable results are obtained, even in very broken country. By 
their means it is claimed that in Colorado one mai\can irrigate 25 acres per day. Where 
checks have not been used upon ground with an acute incline, the water has soon worn 
deep channels through it, utterly ruining it for agricultural purposes ; or again, where 
the water has been allowed to flow too freely the consequence has been that ail the fer- 
tilizing elements of the soil have been washed away. In flooding the aim is, therefore, 
to put no more water upon the land thftn it will at once and equally absorb or can 
part with without creating a current sufficient to carry oft* sediment. The neglect of 
these precautions has caused the abandonment of several settlements made in Utah 
before the art of irrigation was properly understood. 

In southern California checks are employed even more successfully than in Colo- 
rado, the levees being built by buckscrapers, so as to prepare large areas for crop at 
2d, per cubic yard of material moved, or 6». per acre. 

The lands there are not so rolling as in the northern uplands, where ^he average cost 
of preparing land for irrigation is from 8«. to 16«. per acre. A^ much higher estimates 
have been given in Victoria, it should be noted that the higher price is for country 
more difficult than the average of our northern plains. It would be possible, by grad- 
ing and terracing, to water very steep slopes, but the labor would not be paid for by 
any cereals that could be raised. Both the depth and number of floodings are varied 
according to soil and crop. With a clay soil the waterings are light and frequent, 
whilo with a sandier quality they are heavier and rarer. Much, too, depends upon the 
distance and nature of the subsoil. There is considerable uncertainty with regard to 
the measurements given for flooding. It is sometimes placed as low as will give a depth 
of 2 or 3 inches, and at other times as high as from 5 inches to 10 inches at a single 
watering.* There are cases in which as many feet have been used. The number of 
waterings is best determined by the crop itself, and the most skillful irrigators are 
those who study its needs and take care to supply them without giving an excess of 
water. The quantity used alters, therefore, from season to season, so that only an 
average can be given. 

In Colorado, where water is used more lavishly than in any other State, some good 
judges have agreed that an average of 14 inches should be ample, and this is certainly 
not too low. Where the soil is liable to become hard and will retain moisture, whealis 
often grown with two floodings, one before the ground is plowed, and the other when 
it is approaching the ear. When two waterings are given after sowing, one is when the 
wheat commences to " tiller," and the other when it reaches the milky stage. Where 
irrigation does not precede the plowing, it is postponed as long after the appearance of 
the crop as possible. Sometimes wheat has three or even as many as four floodings ; but 
this is unusual, as overwatering occasions ** rust." Experience shows that it is easy to 
exceed the quantity required by the crop, and that every excess is injurious. Ex- 
travagance is the common fault, so much so that the most successful irrigators are 
invariably those who use the least water. The less water, indeed, with which grain 
can be brought to maturity the finer the yield. 

Furrows.— PeBA and potatoes are not irrigated b^ flooding, but from furrows 4 feet 
to 10 feet apart^ and this is found the more economical and more successful system for 
vines and fruit trees. 

Under the flooding system, the ground, if not protected from the sun, cakes quicklv. 
When the water is run down furrows drawn by a plow between the plants, this cak- 
ing is avoided, and the water soaks quietly to the roots. When flooding was prac- 
ticed in orchards it was found to bring the roots to the surface and enfeeble the trees, 
so that they needed frequent waterings. Sometimes the furrows feed a small hole at 
the foot of the tree, from which the water soaks slowly in. When this is done mulch- 
ing is found desirable over the hole to reduce the loss by evaporation. The general 
rule is to protect the trees by small ridges, so that the water does not affect the sur- 
face within 3 or 4 feet of them. The simple furrow, however, is most generally in 
use. Oranges are watered three or at most four times in summer ; vines, once, twice, 
or often not at all after the first year or two ; and other fruits according to the ca- 
price of the owner, the necessities of the season^ and the nature of the soil, one to four 
times. It is impossible to be more exact. An even greater difference, comparatively 
in the quantity of water used, obtains in the furrow irrigation of fruit trees and vines 
than has been noted in regard to cereals. To such an extent does this prevail, that 
not only do districts differ, but, of two neighbors who cultivate the same fruits in con- 
tigaous orchards, having exactly the same slope and soil, one will use twice or thrice 
as much water as the other. Judging as far as possible from conflicting testimonies, 
the cardinal principle appears to be just the same. To attain the best results the 
trees must be carefully watched, and supplied with only just enough water to keep 
them in a vigorously healthy condition. 

Another all-important principle, as to which there is no question, and which is testi- 
fied to on ever^ hand, is that the more thoroughly the soil is cultivated the less water 
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it demaods — a troth based partly, no doabt, apoa the fact that the eraporataon fiom 
hard, aobroken aoil iamore rapid than from tilled ground, which retains the more thor- 
onghly distribated moisture for a longer period. For the irrigation of cereals, works 
are repaired on a larger scale proportionately than for f):uit ; because in the first case the 
water 18 demanded in greater quantities at particular times, while in the latter the sup- 
ply can be more evenly distributed throughout the year, though of course the irrigating 
season with both is much the same. In the Northern States irrigation is limited to a 
hondced di^s, while in the South it can be employed at discretion all the year round. 
In both reg[ions winter and autumn irrigations are growing steadily in favor. Land 
which reeeives its soaking then needs less in summer, and is found in better condi- 
tion fi>r plowing. Ife is argued that moisture is more naturally absorbed in that sea- 
son and with greater benefit. Everywhere the verdict of the experienced is that too 
much water is being used, and the outcry against oversaturation in summer is but 
OBe of its forms. 

Sub irrigation, — Irrigation beueath the surface, if not excessive, is considered the 
most per^sot method of supplying water to vegetable life, and it has been the aim of 
maay to devise a schema by which this can be done with the greatest economy. The 
idea is to replace aoakage from above, by either flobdinir or furrows, with what is 
called *' seepage;'' that is, subterranean and lateral soakage, which, to be perfect, 
should not wet the surface. The one advantage possessed by surface over sub^irriga- 
tion is thatj when carefully managed, irrigation by soakage is a perennial source of 
fertiliBation, on account of the quantity of deposit which is obtained with the water 
from most streams in certain seasons. Irrigation by seepage can not produce this 
beneficial effect, but it can avoid the dangers of excessive saturation or surface cak- 
ing, or of washing out the richer elements of the soil, as well as accomplish an enor- 
mous saving in the water used. Two difficulties have presented themselves to its 
complete success. The first of these is the tendency of the apertures in the pipes to 
become choked by the roots, which tend to form a mat about it. The main difficulty, 
however, so far rather feared than experienced, is that the constant seepage of water 
would have such a solidifying effect upon the soil, closing its pores and converting it 
into an almost impenetrable mass, that it would become necessary, after some years, 
to break it up to a oonsiderable depth by cultivation. Of this it is too early to pro- 
nounce, but it certainly appears that sub-irrigation is the hope of most intelligent 
irrij^ators, because it promises a great economy of water, and the most dfreot appli- 
cation of it to the thirsty tree that it is possible to devise. The average cost of mak- 
ing and laying pipes for sub-irrigation is given by an authority at £'^ per acre, a sum 
which the owners of land under intense culture could afford to pay. 

Ofen ditdtea are wasiefuh — The present practice is the most wasteful that could be 
devised. There is waste along all the miles of open canals, both main and secondary, 
with a consequent loss to the owers of from 25 per cent, to 50 per cent, of the stream 
they take in. Sometimes it is even greater, a canal in the San Joaquin Valley, which 
took in 90 cubic feet per second at its bead, only delivering 14 cubic feet per second on 
the farms 28 miles away. Where the canal owner's loss ends, that of the farmer be- 
gins. He loses all along his laterals tapping the secondary canal ; all along his sub- 
laterals intersecting his farm, and again, all that is not absorbed by the crop over 
which he pours his periodic flood ; besides which has to be added the loss from evap- 
oration. As a matter of fact, therefore, he only receives the benefit of a very smiul 
proportion of what he pays for. Some put the loss of farmer and canal proprietor 
together as high as nine-tenths of the water diverted ; others at three-fourths, 
and it is rarely calculated at less thiui the latter figure. There is certainly ample 
room for saving at every turn. In Utah, as in Italy, another economy is effected by 
requiring those entitled to water to take it at night as well as by day, so that instead 
of the supply running to wastefor eight to ten hours out of the twenty-four, the whole 
capacity of the ditch is utilized every minute during the irrigating season. This 
custom has the further advantage that the water is Uiought to act more favorably 
upon the soil by night than if it were under the burning rays of the sun. The manual 
labor or skill required for controlling water is not great, and it calls for patience and 
attention rather than activity. To see the irrigator, spade in hand, engaged in a 
leisurely way, directing the stream gushing from his ditch, it would scarcely be sus- 
pected that upon so unimpressive a proceeding the whole future of the orchard in 
which he is engaged entirely depended. There seems an incompatibility between 
causes and effects which asserts itself in many ways, so that it becomes an effort to 
realize that the rude ditches which wind their rugged banks across trim fields or 
among regular rows of vines or orange-trees, are actually the generous source from 
which all the profusion of foliage and fruit is being invisibly fed, 

FERTILIZATION BY IRRIGATION. 

Part of this incompatibility no doubt arises from the fact that there is something more 
than water conveyed in canals, and that this something more is extremely valuable, 
though usually left out of the calculation. Water of itseu can work wonders, but when 

Mm witb 9^w9ot, wbiob iu moe c{^9 out of too ftppo^rs to ooosiet oitbor of decayed 
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T6|;etftlde matter or te oontain elements tbat repleaish the floils by wfaid^ if is absorbed, 
tiie Tesalts become multiplied, in France the practice of pouring large bodiesof WAter 
heavily charged with sediment npou inferior lands £ur the pnrpose of recliUming and e&- 
riohingthem is extensively adopted. This is not systematically attempted to the same 
extent in America, though the sandy sage-bme^ lauds of Utah and Nevada have been 
tomed into rich meadows in the same way ; but it is generally recognized that where 
irriga4)ion is so controlled as to admit of jast as much water bei^g placed upon the land 
as it can drink at a drau&^t, withont allowing it either to stand or mn away, then the 
consequence is invariably a maintained or an increased production. Not only is the 
^9p secnred, but whether it be grain, root crop, or fruit, the yield is often largely 
MihanceA so as to reach, in arid regions or upon poor soils, a yield equal to that ob- 
tained upon fertile lands enjoying a plentiful rain-fall. Farm^^* estimates of what 
this gain actually is diifer considerably, ranging from 30 to 100 per cent. That there 
is a gain, and a great gain in many instances, no one thinks of disputing, tfaoueh 
there may be some looseness in the figures quoted concerning it. There seem to be 
BO product of which the crop may not be increased by irrigation, and there are none 
that will not suffer from over-irrigation. The richest silty wat^r, instead of having 
a fertilieing influence, will be fatal if allowed either to stagnate or to rush too rig- 
idly through a field. But with this danger provided against, irrigation may mean 
fertilization to such an extent as to render any further artifioiid enrichmeBt of the 
soil unnecessary. In most parts of the West this has been the only fertilization which 
has maintained land under years of cropping. 

IRRIGATION I>RAINAOB. 

As a matter of fact there are no drainage works worthy of the name in America, the 
farmer having quietly left the water to settle this problem for itself. Water is always 
valuable in these regions, and what one farmer allows to flow by another is only too 
eager to acquire. Canal proprietors have not found any necessity to spend money in 
making provision for the surplus water which passes their area of sappfy, as it is gen- 
erally extremely easy to let it find its way into the natural water-courses which run at 
lower levels than the artificial stream, tio^w to get water is the one question of im-^ 
portance ; how to get rid of it has been found in nineteen cases out of twenty only too 
easy^ With a deep subsoil or a good fall it seems as if drainage may always be unnec- 
essary, and these are conditions very frequently met with. There are, however, lands 
comparatively level in which, sooner or later, it will be required ; and there are one or 
two localities in which the need of drainage-works is rapidly becoming an imp^ative 
neoesstty. Among these by far the most striking illustration is iumisbed at Fresno, 
CaL, a district in which the same fact-sare also extremely valuable as indicating the 
change in character of an arid plain submitted to years of extravagant irrigation. 
Fifteen years ago its sandy soil, sparsely covered by struggling herbage, grassless 
and treeless for scores of square miles, maintained only a few herds of cattle. There 
was no sign of cultivation within its borders; water conld only be obtained by sink- 
ing from 40 feet to 80 feet, and the rain-fall was both irregalar and insufficient. , The 
Kin^ River, which was its one available stream, sometimes carried no more than 500 
cubie feet per second, and when the first ** colony" was established it was stoutly 
maietained that the whole of its waters would not suffice to supply this litUe plot 
marked out in the midst of the wild. 

For some time— indeed, even after the canal to supply this colony had been con- 
tracted — so rapidly did the open ditch absorb the intake that it was thought that 
the water would never reach the settlement at all. Week by week the tiny thread 
of fluid trickled and wound its way along ; at last, it entered the fields prepared for it, 
and, the flow steadily strengthening, crept farther and farther on, feeding an ever- 
widening district, until to-day there are fifteen canals drawing their waters from 
this river, irrigating 55,000 acres of land, which form a chain of settlement all around 
the central Oalifornian colony, and extending 16 miles beyond it. Water can now 
be struck anywhere across the whole plain at 10 feet, and often at 6 feet. The seep- 
a^ fh)m the canals has been ^reat indeed, for it seems to have filled the whole sub- 
soil, which has sucked it up like a sponge until it can hold no more. One impoi*tant 
oonsequence is, that irrigation by flooding or furrows is being abandoned at Fresno, 
as the irrigation by seepage maintains a constant supply within easy reach of the 
roots of vines and trees. 

llie once arid region has become thoroughly moistened. Where till lately the con- 
tention for water was keen and ceaseless, one hears now of suits against canals on ac- 
count of their snpersaturation of adjoining vineyards. Nor is this to be wondered at, 
seeingthat in the midst of the once parched plain there are now patches of artificial 
morass created, as in the Poudre Valley, Colorado, by over-irrigation, and continued 
f^t want of drainage. For in Fresno, and Fresno alone, has drainage become a 
vital question. The largest vineyard in the district, that of Mr. Barton, has not 
been watered lor two years, and the enterprising proprietor has actually ex- 
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cavated ditches around his property so as to drain it, to a depth of 6 feet. The 
Eisen vineyard close by, one of the oldest and best known in the district, is no-w 
involved in a sail which its proprietor is bringing in self-defense against the canal 
proprietors for flooding bis land> It is not only excess in flooding that has to be 
avoided, bnt excess of seepage, which is just as bad. Not only is the creation of 
a morass on the surface fatal, but the morass condition below is proportionately 
injurious. Roots, of course, will not penetrate below the perpetnal water line, and 
thus, if the water rises in the soil the depth from which they draw their nourishment 
is liable to be greatly diminished. 

It has been suggested that if the pipe method of snbirrigation were adopted the same 
pipes might be made available for drainage. If this could be accomplished without 
materially increasing the cost it should contain a solution of the difficulty in a few- 
cases, but, as a rale, where drainage is needed subirrigation in any season would be 
superfluous if not injurious. A remarkable evidence of the rate of seepage in sandy 
soils is notable in the Fresno district, and that is two little ditches, afoot or so apart, 
each of them carrying a swift stream of water, which is soaking though the bank of a 
small canal, and which they divert from the field beyond. A lew ditches of this de- 
scription com pose the whole of the drainage work yet done in western America. Even 
here the drainage problem does not appear to threaten the requirement of works any- 
more expensive than those already in use, and, except in localities as peculiarly situ- 
ated as Fresno, it ia improbable that any outlay to provide them will be needed, at aU 
events for many years to come. 

CAPILLARY ATTRACTION OF WATER. 

For a complete comprehension of these facts, however, it is necessary to read them 
by the light of a knowledge of a peculiar property possessed by many soils, and which 
forms a most important factor in all calculations as to the limits of irrigation. It has 
been found by experiment in California that water rises rapidly in coarse, sandy soils, 
but only to a moderate height ; while in- finer soils, whether clayey or of a silty for- 
mation, the rise is slower bnt higher. So that in a few weeks or months, as the case 
may be, the water attains twic« or thrice the height that it climbs to in the former. 
This has been said to be accomplished by means of a ** capillary attraction," in which 
heat may, perhaps, be an important agent, seeing that the phenomenon is not ob- 
served in Colorado to anything like the same extent as in the California slope, and 
presents the result of experiments made upon diiferent soils to test their capacity in 
this direction. A consideration of these results points to the superior value in suit- 
able soils of snbirrigation, or irrigation by seepage from below, over all methods of 
surfacre application, because it is thus possible to avoid caking the soil and loss by 
evaporation. 

EXTENSION OF THE IRRIGATING AREA. 

Taking together the facts as to seepage of water from rivers or ditches, and those 
relating to the rising of water by means of what is callecd capillary attraction, one is 
furnished with the key to tho gradual diminution of the water necessary for irriga- 
tion of the same land, which has been noted in almost every part of the West. In 
Colorado alone, in situations like that of Greeley, upon a deep porous soil, with a rapid 
fall and quick drainage, as much water is said to be used to-day as in the initiation 
of the practice of artificial watering twelve years ago. Everywhere else the verdict 
of experience is that the water goes farther every year. 

The lanch-owner, who doubted if his spring or brook would suffice for 20 acres, ex- 
tends the area of his cultivation bit by bit until it reaches 80 or 100 acres, and he still 
has some to spare. 

Bishop Mnsser, of Salt Lake, who has made an especial study of irrigation in Utah 
and abroad, states that when the city was first founded there was only water enough 
from a particular source for 800 or 900 acres, while now the same amount supplies more 
than 5,000 acres. In another Mormon settlement, namedBountiful, where at first it was 
supposed that only a few families could bo placed on account of the smallnessof the 
stream of water available for irrigation, there are now between 4,000 and 5,000 peo- 
ple, all maintained by means of the same supply. The whole of Utah has been peopled 
and all its cultivation based upon little driblets of water in this way. Yet the sandy 
aridity, which is absolutely worthless without water, may be soon over- wet, and it fs 
found that where a piece of ground is fed by good seepage to irrigate it as well kills 
the crop. Here, as at Fresno, Riverside, Mussel Slough, and in Tulare County, Cal., 
maybe seen farms and vineyards up to 160 acres in size irrigated solely by seepage 
from ditches which run along the upper edges of their fields. 

The distance that water will penetrate, even without any discoverable dip in the 
land, has been partially indicated by experiments in subirrigation, when the pipes 
and orifices, though 50 feet apart, have saturated the whole soil between them. With 
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a fall in the coantry the seepage extends for far ^ater distances, and» curioosly 
enough, an instance is reported in the Si^n Joaquin Valley where, upon the construc- 
tion of a canal, a well a mile or two on the upper side increased several feet in depth 
after the canal had been some time running. 

Another most instructive fact is that as the water supplied diminishes the crops tend 
to increase. They now raise more grain in Utah with half the water than they did 
when they concentrated double the supply upon a smaller area. For the first year 
or so of irrigation the soil becomes soppy, but afterwards, whileseemingdrier, it isnot 
nearly so thirsty ; when it is very shallow flooding ceases and seepage alone is relied 
upon. Irrigation is said to close the pores of uie soil with an infiltration of rich, 
impalpable silt, so that it absorbs more slowly and retains what is absorbed much 
longer. 

Under good cultivation the soil thus enriched becomes far more fruitful than it orig- 
inally was ; but too much water makes the land cold, and eventually turns it into a 
quagmire. When soakage, as from flooding, is accompanied by soakage upwards by 
^* capillary attraction,'' the consequence in California is the formation of what is 
termed ** hard-pan," an impenetrable layer which resists the entrance of roots and 
yields them no nourishment. Where this is feared flooding is suspended and the sub- 
terranean supply depended upon. Such is the rapidity with which roots push for 
water, even where moisture can be found, 15 or 20 feet from the surface, no flooding 
is needed after the first year or two. The roots of vines have been known to pene- 
trate nearly 30 feet in a little over three years, while even lucerne roots travel 15 or 
20 feet downwards to moisture. But the catalogue of facts, proving in a variety of 
ways the injurious effects of over-irrigation, and the marvelous results to be accom- 
plished in time by small streams of water, might be multiplied indefinitely. 

THE DUTY OP WATER AND ITS CONDITIONS. 

A preliminary doubt as to water measurements has to be taken into account, for 
until recently different standards have been in use ; and still there is, even in flour- 
ishing districts, the greatest laxity in applying what standards they have. In Los 
AngeTes, for instance, the zanjero, or water-master, has relied solely upon his eye to 
jndge'of the stream a farmer was enticed to receive; and though practice no doubt 
had enabled him to allot something like an equal share to each person concerned, it 
is plain that any attempt to define the quantity in recognized measures could only 
be an uncertain approximation. In every State the use of water for mining pur^foses 
has preceded or, in the first instance, overshadowed that for irrigation ; aha, conse- 
quently, what estimates have been made in the past have been expressed in ** miners' 
inches." This was supposed to define the quantity of water flowing through an 
aperture an inch square, but, as in some parts the pressure adopted was that of a 
4-inch head, while in other places the head was 6 inches, there was evidently abund- 
ant room for variation, even in the determination of the capacity of a single inch. 
When, again, a number of inches came to be, measured at once it became possible 
eithei^to adopt an aperture 1 inch high and the specified nnmber of inches in length, 
or to take the square of the whole number of inches as giving the dimensions of the 
orifice, in which case, again, there was another great cause of variation. The State 
engineer of Colorado has calculated that the miner's inch in that State has been .026 
cubic feet, or, roughly speaking, a fortieth of a cubic foot; and this is now generally 
adopted as its equivalent, though, as a matter of fact, in more southerly States, where 
water has been scarce, the miner's inch has only meant one-fiftieth of a cubic foot. 

Taking into account this initial cause of confusion in the measurement of water, we 
next find that the quantity of land which any given unit of water will irrigate is gov- 
erned, first, by the kind of soil, subsoil, the rain-fall, temperature, and evaporation 
of the particular area irrigated, next by the kind of crop grown, and the method of 
watering it, as well as by the lengthof time which that land or neighboring land has 
been irrigated, and lastly by its position with regard to seepage, and its capacity of 
capillary attraction. It is plainly no easy matter, even when all the terms of the 
special instance are known, to fix the duty of water under these circumstances. But 
in almost every instance the records of American experience are wanting in respect 
to one or more particulars, and hence, again, there is only room for the vaguest con- 
clusions. 

Instances can be quoted in which a flow of 1 cubic foot per second has supplied 
9,0(j0 acres, while in others it only supplies 50 acres. It is vain to attempt to arrive 
at accuraey in the face of such extremes as these. The manner in which water is sold 
in the States puts another barrier in the way. A water right there does not mean a 
rigUt to any given quantity of water, but a right to have a stream of a certain capac- 
ity turned into the purchaser's lateral for as often and as long as he pleases. Each farmer 
accordingly draws upon the supply just according to his fancy in each season. As yet, 
as there is water in plenty, the Colorado companies do not restrict their customers to 
the stream they have purchased, but give them whatever flow they happen to have. The 
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farmer, for bis part, does not measure the qnaotity he reeeives nor yet the qnaniity 
which flows away from him, so that on neither side is there any oppOTtnnity of obtaining 
exaotitado as to the qnaotity actually absorbed by the land. Where measurements have 
taken place, as in sonthem California, it has nsnally been at the farmei*'e receiving 
point, from which there is more or less loss, according to ihc natnre of his soil, the 
make of his ditch, and the distance to be travele<l before the field is reached, which 
renders these almost equally unreliable. 

In the face of this array of disturbing causes it i ant erly impossible to do more than 
notice a number of rough generalizations, which have some force in special localities. 
The more sandy the soil the more readily it receives and parts with water, while, as 
the soil becomes heavier, it absorbs less, and retains it longer; the deeper the soil, the 
more water is required in the first instance, while with a retentive subsoil succeeding 
waterings can be greatly diminished. The heavier the rain-fall the greater the duty 
of water in equal temperatures, and when evaporation comes into play the duty has 
to be correspondingly reduced. Where the land is in a position to receive seepage from 
higher irrigations, or is so porous as to draw a sufficient supply from its own laterals, 
or is so saturated as to need for a time no water even in its canals, which are, per- 
haps, as at Fresno, turned into drainage-ditches, the duty, of course, tends to become 
nominally enormous. Then, again, small grains as a rule take twice as much water 
as com or potatoes, and many times as much per acre as ordhards, which are watered 
on an economicsd method. Even the waterings given to one grain, such as wheat, 
vary according to locality from one to four, oats requiring more and barley a littto 
less. In Riverside the orchards are often only watered once (from furrows in winter, 
and once, twice, or thrice, according to the idea oi the owner, in summer. Where 
flooding takes thousands of gallons tne furrow system only requires hundreds, and sub- 
irrigation tens of gallons for a similar area, though, of course, under difiereut crops. 

COBCPARISONS AND CONFLICTS. 

Setting aside the question of the actual quantity of water used or needed for navi- 
gation, we find that, even comparing the flow of water allotted to farmers for as long 
as they like, there are the widest differences. Taking the flow of one cubic foot to 
the second (available during the season for cecals of Colorado, and all the year round 
ibr the orchards of California), without making allowance for differing rain-falls, this 
supplies in Colorado 53 acres; Italy, 70.2 acres (Col. Baird Smith); Utah, San Bern- 
ardino, Cal., and France, 80 to 100 acres ; San Gabriel, Cal., 120 acres ; Fresno, Cal., 
160 acres; India, 150 to 200 acres (sira cotton): Los Angeles and Anaheim, Cal., 
rather over 200 acres; Riverside, Cal., nearly 300 acres ; Ontario, Redlands, Cal., Al- 
geria, ^nd parts of India, 400 acres ; Sierra Madre, Cal., 580 acres ; Spain, as high as 
1,000 acres; Pasadena, Cfal., 1,665 acres; and by subirrigation, according to one or 
two experiments, from 1,500 to 9,000 acres. 

In Kansas, Arizona, and Mexico the figures given are too conflicting to be quotable. 
There are the same contrasts as to the depth of water which should 1^ put upon land. 
In Colorado two or three waterings are given of from 3 to 5 inches in depth ; in some 
parts of southern California waterings of 12 inches in depth have been given, and in 
ot^er parts a total sufficient in the year to make a depth of several feet. On the other 
hand, there are farmers in these districts who, according to their own testimony, em- 
ploy 1 -ss than half the quantity used by their neighbors, and with equal if not supe- 
rior results. 

If the Colorado farmer were to use all the water at his disposal, he would cover his 
fields nearly 4 feet deep. The practice appears to be. on the average, to use about 
one-fourth of this, but there is such a difference in sous that this is but a poor guide. 
Where a coarse sandy soil, with porous subsoil, can take 10 feet in the season^ a fine 
compact alluvial, with clay subsoil, would be injured with 1 foot ; hence, 10 acres of 
the latter can be irrigated to one of the former by the same quantity of water. A 
natural measure of the dut;$r of water in many places may be supplied by the rain -fall 
of good harvest years, making allowance for the time of fall. In central (California 
13 inches during a frostless winter and spring have proved sufficient, and probably if 
12 inches could be secured from rain-fall and ditch together during the spring it would 
prove more than ample for flooding cereals. 

THE COST OP WATER — THE PRICES PAID. 

The prices paid for water are so complicated by the conditions under which it is 
sold that it is almost impossible to do more than quote the rates in difi'erent localities. 
The water itself costs the appropriators nothing beyond the expense of putting it 
upon the land, which differs, of course, in every State and every district. This first out- 
lay for works furnishes one clue of an uncertain character to the price of water. Where 
farmers unite for the purpose of securing a joint supply, they work or pay their share 



COST, RENTAI^, AND VALUES OP WATER. 813 

tif the oopstraction, and afterwards their proportion of the sum neoe^ry to keep th6 
works in repair, so that it isdifficalt in many instances to determine exactly what th^r 
watercosts them. In Colorado it is considered that an irrigable area should be sa|>plied 
with an outlay upon main works of £1 or 25«. per acre, an estimate which appears t« 
agree, on the whole, with experience elsewhere. 

Occasionally, as in Kansas, where very large canals ran through v«ry favorably sit- 
uated country, main works of a temporary character can be built foras low as i%8. per 
ac^ while on the other hand, where special difficulties intervene, as at SaH Lake, 
in the price to be paid for easements over private lands one finds the canal costing 
"508, per acre to build. This is by no means the maximum of first expencUtore, 

With extra works, such as fluming or tunneling, as in Colorado, or wooden chan- 
neling, as in the city ditch at Salt Lake, Utah, or expensive piping, as at Pasadena, 
or the Highlands Canal in Los Angeles County, Cal., the cost may rise, as in the last 
two Instances, to £8 and £10 12s. per acre. Here, of course, the supply is forsmaH 
areas under intense culture. The greater the scale of the undertaking the less the 
oost per acre. 

The 150,066 acres at Bakerfield. Cal., can be watered by one proprietary for 16«. 8^. 
per acre, whereas, if divided into a number of different schemes, adapted here and 
there to the condition of ownership rather than to the natural surface of the land, it 
would probably have cost twice as much. Or, take the 76 canal beyond Fresno, Cal., 
which now supplies only 20,000 acres, at a first cost of about 258. per acre; with an 
extension of its secondary canals, so as to allow it to supply the 40,006 acres lying 
under them, the outlay per acre would be redueed to 20«.; while if the conqpletti plaa, 
whifilL is fmr tiie irrigation of 180,000 acres, were carried out, this would be stiU fur- 
ther brought down to 15«. per acre. Water, therefcure, is dearest where the achemes 
iffe smallest ; that is, where the works are relatively most oortiy. 

The same fact is again illustrated by the price asked for water-rights, which are 
almost invariably highest in smaU schemes. Thus, in such ''colonies'' as Ontario, 
Etiwanda, or Pomona, Cal., where land is sold in 10-aore blocks, a water-right costs 
tmm £ 15 to £20 per acre, while upon 80 acre blocks it can be punshased in Colorado 
lor £3, in Utah for about 50«. and in Kansas for half that sum. Having a water -right, 
the fanner is then liable only to a yearly assessment for maintenanee. This, ^n the 
oth^ hand, is highest as a rule where the water-right is cheapest, ranging from S», 
per ac^rein Kansas, and As. an acre in Utah, to2«. 6d. in Fresno, and 28. in sevend ool- 
enies in Los Angeles County. 

In Colorado the maximum rate of 68. per acre per annum is rarely ehai;ged, iMe 
water-right owners only paying the 6d, or 9d, per acre, which is actually spent cm re- 
pairs, and the same custom prevails in some parts of Utah ; but in hcAh «f tt^se in- 
stances the schemes are large. 

The prices of water -rights vary from a variety of causes, such as whether the Water- 
mirner bas land of his own to sell or not, so that particular instanoes offer but little 
guide to an exact estimate of their value ; nor do they furnish any dew to the quan- 
tity of water actually sold. 

in Kansas water is paid for according to the acreage of the purchaser, ^ho t^dsesas 
nnoh as he likes in return for his yearly rental. This most wasteful of praetioes was 
tvied and abandoned in southern California, as it will be abandeiied in Kansas whMi 
"water beoomes more valuable. Meanwhile its steady increase in pzioe is everywhere 
noticeable. Thus, at the foundation of Greeley, Colo. , 80 acres with water ce«ld he pnr- 
chased^or £60 ; a few years later the water alone became worth £ 100 ; to-day the same 
watering right is bring £200, and with the land is worth £600. In ul the* ^€N>lonies'' 
of California there has been as great a rise in the price of water, though tliero it is to 
be found in aln«>st every instance linked to the land. This puts another diffiealty in 
the way of estimating the exact price of water, for thmigh the water is seally that for 
whidi the money is paid some deduction has to be made far the area npon which it 
is to be utilized. 

Land which in the arid state brings onl^ £1 per acre, is fold at £10 or £15 per acre 
when under a ditch, and something like this proportion is miuntained even for higher 
prioed dry lands, which rise from £5 to £40, and from £15 to £100, when arttfieially 
watered. 

When the land and the water-right are sold apart the canal-owner makjes two profits, 
one in the tripling or quadrupling of the price paid fdur the land, which is his ^ier profit, 
and thoother upon the water-right, the price of which represents hia outlay upon works, 
wti^ liberal interest added. The first profit, made nominally upon the land, which is 
•Iten greats than here stated, is, of course, really another profit upon the water, and as 
the cost per acre of the works is, as a rule, less than the cost per acre of the land, the 
g:ain upon the investment in water is much larger than appears. Where l^ere is no sate 
eif land, that is, where the water has been brought to land already sold, or lor sale by 
persons other than the canal-owners, the price of the water is much higher, reaching 
sepietimes as much as 208. or 258. per acre per annum. At Los Angeles, Cal., water is 
MaiA by what is called a '^ head,'' which under their loose measurement varies from 2 



314 IRRIGATION IN THE UNITED STATES. 

cable feet to 4 cubic feet per second, at Be. per day or Gs. per nigbt in summer withiii 
the city, twice that price outside of its boundaries, and half the price in winter. 

At Orange and its neighboring settlements the price for a flow of about 2 cubic feet 
per second is 10«. for twenty-four hours, or 6». per day and 4». per night,' and in winter 
(5«. for the twenty-four hours. At Riverside the cost is about 7«. 6<J. per day, or 5«. per 
n igh t, for a cubic foot per second, or 129. for the twenty-four hours. These prices, vary- 
ing indefinitely as the conditions of sale vary, furnish but an insecure basis for any 
generalization. 

Possibly a better idea of the importance of water than can be derived from any list 
of purchases and rentals in particular Y»lace8 may bo obtained by a glance at its capital 
value. It has been calculated that the flow of a cubi6 foot per second forthe irrigating 
season of all future years is worth from £ 15 to £25 per acre in grain or grazing country 
to £30 in fruit lands. This is the price paid to apply such a stream to a special piece 
of land for as long as the farmer may think necessary, the knowledge that an excess of 
water will ruin his crops being the only limit. But if a flow of a cubic foot per second 
were brought in perpetuity without any limit as to the acreage to which it might be 
applied, or the time or circumstances of applying it, the capital value of such a stream 
in southern California to-day would be at least £8,000. 

PRODUCTS AXD THE WATER PRICE. 

What price can be paid for water, or land and water together, depends upon the prod- 
ucts raised and the price of those products at the homestead, by taking which as a 
guide consideration of complicated questions as to markets and freights may be 
avoided. So far as American experience goes there appears to be no limit to the 
scope of irrigation, which embraces the fruits and cereals of the temperate zone, as 
well as the products that are raised only under a tropical sun. Apples, blackberries, 
and barley are irrigated in Colorado or northern California, as are the rice, cotton, and 
su^ar in the hot lowlands of Mexico. Over a large area of the West it may almost b6 
said that as nothing can be grown without irrigation anything can be grown by irri- 
gation. 

Wherever water has been plentiful and the ground fairly level it has'paid to grow irri- 
gated grain. There are thousands of acres in Colorado and Utah which have never 
grown any other crop, and are still growing it. The irrigated area under grain ia 
Mexico is very large and the yield heavy, while it is a moderate estimate that in the 
r States 5,000,000 bushels of wheat are raised by its means. 

It is generally calculated that grain can be grown at a profit under irrigation for 2«. 
Gd. per bushel, and even where, as in Arizona, the crop has to be teamed 12 or 14 miles 
across the desert at a cost of 7(2. per bushel to railways, upon which the rating is all 
against the local grower, grain is found to pay. Of course the chief prosperity in the 
wheat districts was when 4«. and5«. a bushel were regularly realized and a profit of at 
least50«. per acre was counted upon. All this haschanged since the fall in prices, which 
has brought profits down to 20s, per acre, with a yield of 25 bushels. Grain pays still, 
but very poorly, and even in better times it is generally considered the poorest paying 
crop that can be raised. Still it does pay for irrigation, and this is an important fact to 
the farmer who can not afford to wait for the higher rotums from intense onltore. Nor 
does grain-growing noticeably impoverish the land whero proper preeaotions aro taken 
against the washing out of the fertilizing matter in the soil and for the ntlliisation <^ 
any sediment there may be in the irrigating water. 

In Utah a rotation or crops is adopted ; but in Colorado are to be found instances 
where grain has been grown every season for ten or flfteen years without perceptibly 
injuring the land. In Arizona and Mexico the native population have raised tiieir 
wheat and Ind ian com from the same plots for scores, if not for hundreds, of years, and to 
them the idea of manuring is quite unknown. Hero and there a farmer may be found 
who takes the pains to use the droppings of his stock upon his fields, but this is the ex- 
ception. As. a practice systematic fertilization is unthought of, and so far no serious 
injury appears to have resulted from its neglect where any filling off in yield has been 
followed by change of crop. This is of interest as showing at all events that the need 
of expensive restoration of the soil is not likely to assert itself in our richer lands until 
after some or perhaps many years of irrigation. Neither does the grain itself snfSar if 
the seed be carefully selected. In southern California irrigated wheat has a slightly 
thicker skin, makes more bran, and to the practiced eye is slightly darker in hue than 
that from the wet northern region, but it is said even thero toT>e fully equal in quality 
to unirrigated wheat, a testimony which was repeated by millers in Mexico, Arizona, 
and Colorado. It is not from any such fallacious anticipations that grain-growing by 
irrigation is condemned in the States. Though all kinds of grain can be grown well 
and at a profit, the growing is considerod a mistake, because the profit is too smalL 
Land and water that will grow grain will yield crops which aro much moro romuner- 
ative. Grain may be taken in rotation with potatoes, which flourish under irriga- 
tion in a sandy loam, or with peas or lucem, which act as restoratives to the soil» 
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All kiads of root ofope and all, kinds of vegetables can be grown ^ and are grown, 
usually at a somewhat higher profit than grain. These again have as a rule a smaller 
profit than can be obtained from stock, which, in its turn, yields to the profits 
derivable from grapes and fruit. 

STOCK-RAISING ON IRRIOATED LAND. 

It is a more remunerative occupation to grow beef and mutton or bacon, for which 
tiiere is just as steady a demand. Two-thirds of the 50,Q00 acres irrigated at Phoenix 
is under $i:raiu, but. this little valley also raises its 100,000 hogs. iSairy produce is 
successfully raised in northern California by means of irrigation, where, indeed, it is 
applied to little else on account of the regular and sufficient rain-fall which can there 
be counted upon. Even in Australia many towns owe a considerable proportion of 
their vegetable supply to the Chinese irrigator. It would be a mistake to ignore these 
minor ways in which irrigation can be very profitably employed, especially in the 
neighborhood of centers of population, but it would be an eqaally great mistake to 
suppose that irrigation is only practiced on this scale. A prevailing miscouception 
as to irrigation is that it is employed only for small areas under high culture. The 
fact that great stock-growers in California, such as Messrs. Haggin &l Carr, or 
Messrs. Miller &, Lux, irrigate thousands of acres for stock purposes appears to be lost 
sight of. Much Mexican irrigation is carried on upon the same plan. Where the 
great land-owners have their immense estates one can see not hundreds but thou- 
sands of acres artificially watered ; and where smaller proprietors enjoy a share of the 
coveted irrigable area they cultivate so closely to each other's borders that the fence- 
less area as far as the eye can reach appears one gigantic irrigated field. The g^eat 
valleys of the Ortiz, the Concho, the Florido, and the Nazas, the wide sloping plains 
of the Laguna country in the neighborhood of Lerdo, and in the province of Leon, 
exhibit the patient industry of the peasants and a marvelous fertility secured by 
means of an artificial water supply of the rudest character. On the great cattle and 
sheep ranches of New Mexico the proprietors, some of them Australians, are enlisting 
the same invaluable ally in order to protect themselves against the occasional ravages 
made in their flocks and herds by bad seasons. It pays as a rule to irrigate natural 
grasses, for by this means the carrying capacity of land is increased 33 per cent. 
The Chowchilla Canal, in Fresno County, Cal., 30 miles long, 30 feet wide at its 
mouth, and St\ feet deep, is used almost solely for this purpose, and there are 20,000 
acres of natural-grass land irrigated in one property in Kern County. 

THE VALUE OF ALFALFA. 

But the mainstay of the American stock farmer, large and small, islucem, there styled 
alfalfa, which, though unsuccessful in England, is highly prized in France. In every 
Western State this is grown to profusion. There are 35,000 acres of it grown by irri- 
gation at Bakersfield. In Tolo County, Cal., almost the whole of the 13,000 acres 
watered from the Woodland Canal is under lucern ; it is to be found upon almost every 
colony plot in southern California, and is the surest source of revenue in Utah and New 
Mexico. The area planted with this crop is increasing with marvelous rapidity. It is 
said to carry 10 sheep or even 20 sheep to the acre if it be cut for them. It is not a new 

frowth in Victoria, but without irrigation its marvelous qualities have only partially 
eveloped themselves. At Dookie, with only the natural rain -fall, it can be cut but 
once a year, yielding about three-quarters of a ton to the acre ; while at Bacchus Marsh, 
with irrigation or water within reach of its roots, it can be cut five or six times, yield- 
ing 7 or 8 tons, and lasts fifteen to twenty years. 

There are some 300 acres of it in this locc&ity, thriving upon a natural seepage, and 
though rather delicate in its earlier stages, owing to the lack of irrigation, when once 
firmly rooted itraises the valueof the land to from £50 to £75 per acre. It is sown broad- 
cast and freely, and with a little wheat, oats, or barley mixed in it ; is rarely manured, 
though better for an occasional scarifying and top dressing ; is never fed down, but cut 
eaily and often, and found to possess splendid fattenimg qualities. Under irrigation 
lucern seems to flourish everywhere, particularly in sandy loam and in a warm cUmate 
free from frost, and thoueh the yields given vary they are all great. Three cuttings are 
sometimes obtained in the first year, making a total crop of 4 tons to the acre but the 
general thing is, as in Utah, to obtain only one crop in this period. After this 6 tons 
are ex{>ecteQ in the second year, and 8 to 12 tons in the third year. There are poor soils 
where it is cut only twice or three times, and other soUs on which its quality does not 
keep pace with the quantity, but on those that most resemble our own plains the cut- 
ting is rarely less than four times, and the yield generally over 10 tons per acre in the 
course of the year. 
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FBUIT-RAISING BY IRRIGATION. 

Bat the products for which irrigation is most necessai^yy and in which it yields the 
largest, are ^apes and frnit. The great land-owner in America not only plants his 
thousands of acres of lucem and perhaps his ten thousand acres of grain, but, with in- 
cessant enterprise, plants his hundreds of acres of vines and fruit-trees. When irriga- 
tion is employed, however, the production is almost wholly in the hands of small 
proprietors, men often of some education and some capital, who have found an attract- 
ive field for the exercise of their intelligence in bringing small allotments into a 
condition of the highest productiveness. Judging by the results obtained in soathecn 
California, to which this class of cultivation is as yet chiefly .confined, it has net 
proved an unprofitable speculation. It is safe to predict that in a short time graia- 
growing will be given up on all small areas of irrigation and that a oommeDcemeBt 
will have been made upon the larger tracts to follow the same example. It pays 
better to grow fresh vegetables for towns or can them for export, t>r ie establiflii 
(Sicken farms or bee ranches than to raise grain for export. Already in noithevn 
California the great farms, so famous a few years ago for tneir yields and extent, am 
being out np into vineyards and orchards, and where along the aid mining ditches 
any vintage ground can be secured it is being put to the same uses. 

Twenty acres under vines or fruit-trees are preferred to 160 acres under grain . Thrae 
is more regular employment and more regular leisure, with less stress at a particular 
season for adult male labor. An acre in raisins was reckoned as valm^le as 5 acres 
of wheat, when the price of wheat was nearly twice what it is now. 

The fruits grown are oranges, lemons, limes, apricots, pears, figs, peaches, pome- 
granates, nectarines, apples, plums, quinces, cherries, olives, almonds, walnnto, and 
chestnuts. From some of these two crops a ^ear are ebtaincnl, but of course n<me of 
them bear for some time after planting. This is not all lost time to the Amerioan 
farmer, who grows gi*oat crops of vegetables between his fruit trees until ihey are 
ready for bearing. The period during which no return is expected, even under irri- 
gation, is considerable; as, for instance, it is for peaches, apricots, almonds, aad 
vines, four years ; for oranges, ten years from the seed, five years from the bad ; 
olives, from seven to ten years, unless the Spanish practice of planting branches is 
followed, in which case it takes only two years ; and walnats seven years. When 
the profits do come, however, they are proportionately large. 

Nearly (30 percent, of the fruit grown in Galifbrula is canned, but only 5 p«r cent, 
is dried. I'he production is increasing enormously every year. Vineyards are utilized 
not only for the supply of grapes but of raisins and wine ; and there is no branch ctt 
production into which capitalists and small farmers are now entering upon a greater 
scale or with more confidence than wine-growing. The clearest heads in California 
consider the overproduction of wines or raisins an impossibility, and experience is 
teaching them that at existing prices the investment is remun^ative, although wine- 
making is developed in the face of a prejudice quite as unreasoning as that ^ich has 
till lately faced colonial vintages. For other fruits, though drying is occasionally 
adopted, the chief reliance is upon the canning process practiced in every frait-grow- 
ing center. The taste for fruit, whether fresh, dried, or canned, is one that appears 
to grow by what it feeds on, for the demand in America seems t^ increase almost as 
fast as production. The markets of the East are, of course^ open to the irrigating 
West, but rates of transports are relatively high, and cempetion from the West Indies 
and tJie Mediterranean is keen, so that it can scarcely be said to be a home market 
in the ordinary sense of the term. 

The injurious effects of overirrigation are just as potent in fruit-growing as in every 
other crop. It is claimed on the authority ot a commission of experts, appointed by 
the French Government to inquire into the remedies for phylloxera, that regular fur- 
row irrigation in summer keeps the disease in check, but it nasbeen proven in Fresno 
that an excess of water injures both the wine and raisin qualities of the grape. There 
is a special disease to which orange trees are subject which strips the tree of its 
leaves, prevents the fruit from coming to maturity, and finally kills the tree, which 
a special committee of the Southern California Horticultural Society, after an ex- 
haustive inquiry, has declared to be wholly due to overirrigation and deficient culti- 
vation. The citrus family can endure more water than any other class of fruit-tree, 
but it is clear that the limit of the water consnmption of any of them is soon reached, 
and that to go beyond it is injurious if not fatal. 

PROSPECTS OF IRRIGATION IN AMERICA. 

We have now taken a rapid glance at the productsof 2,500,000 acres of Western Amer- 
ica, watered by 12,000 miles of main canals and 120,000 miles of subsidiary ditches, at 
an expense of many hundreds of millions of dollars. The estimates of the value of the 
yield from irrigat-ed vineyards and orchards are not official, but those engaged in sup- 
plying the markets put the production of California vineyards this year at £1,000,000 
and of the orangeries and orchards of the same State at half as much again. 
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A good deal of fruit is grown for home consnmption in neighboring irrigating States, 
bat prohibitive riulway rates have presented the fall e:!(pansion of this and other 
classes of prodaction. Utah and Colorado, entirely dependent npon irrigation, draw 
l^ir revenue from other classes of products — the latter, in 1883, raising in value 
£1,100,000 of grain and root crops, the former £700)000. To assess the total value of 
the products raised by means of irrigation, many of which could not be raised with- 
oat ity would be no easy undertaking; bat it is quite clear from the statistics that it 
must be expressed in millions sterling. Adding the enhanced stock-bearing ci^aoity 
of the eountry, and the value of industries not directly productive, which are de- 
pendent upon the irrigating settlements, woald make up a grand total that would 
probably snrp'rise the Americans themselves. There is no reason to suppose that the 
list of products capable of being profitably grown under irrigation is yet exhausted. 
Experiments are continually being made with fresh crops, and the result is generally 
favorable where climate and soil couditions are studied. Great as the produce of the 
artificiiUly- watered West now is, the prospects are that it will become very much 
greater; and the opinion of those qualified to form a judgment is that irrigation, 
marked as have been its successes, is yet in its infancy, and has given no more than 
apiomise of what it is destined to achieve. 

HEALTHFULNESS OF IRRIGATED LANDS. 

There are irrigated lands in which health seems entirely unaffected ; there sae others 
where the influence of malaria is but too patent, and the task is to discriminate between 
them. The river bottoms, as they are termed, flats, but little raised above the level of 
streams, are, throughout the southern parts of the United States, recognized as 
malarious whether irrigation is practiced or not. Fever, ague, and chills are preva- 
lent in sueh localities in Missouri, in Louisiana, as in the southwestern area. From 
their position these lands are easily irrigable, and hence settlers are tempted upon 
them and become subject to the same complaints. Whether irrigation, as is probable, 
increases the danger in such spots is not known, but in places similarly situated, 
though not malarious previous to irrigation, it seems that the practice has acted 
injuriously. Where the soil is saturated and artificial morasses are formed, as at 
Fresno, fever is naturally found in the immediate neighborhood. Alon^ the lower 
lines of this district the miasma rises to a height of 10 feet, and here, as m the coun- 
ties further south, the sleeping-rooms are always placed in a second story in oonse* 
quenoo. Much of this region was malarious before irrigation was practiced, and in 

garfs the formation of channels is said to have actually reduced the danger. This, 
owever, in such circumstances, can only be entirely removed by complete drainage. 
Much importance is attached to the source of the water drank, and wells are sunk to 
great depths so as to avoid all seepage and secure a pure supply. 

On the bench or mesa lands of California or Kansas, in those of Colorado, with 
their rapid natural drainage, or in the porous lands of Arizona and New Mexico, ma- 
laria is as yet unknown ; nor does there seem much prospect of its appearing. It is 
feared only in lands naturally swampy, or readily made so. It is not regarded as a 
fatal complaint, though the repeated attacks to which its victims are subject neces- 
sarily have a permanently weakening and depressing effect. There are many who 
seem to escape even in these localities, but there are others whose sallow and sickly 
looks only too plainly indicate the presence of malaria. 

UNITY OF LAND AND WATER. 

Another matter arising out of American experiences which it is desirable to notice is 
the relation between the ownershi p of land and that of water. Where a farmer has his 
own canal to his own land no question arises. Where a number of farmers excavate a 
ditch and parcel the water out between them,, the only question is as to whether the 
water used by each can be applied where he pleases, or whether it must be applied to 
particular acres specified in the contract. If he can sell his water to another or turn it 
upon new land, the business of the company becomes more complicated and the value 
of the lands first irrigated is not so well maintained. If, however, as is often the case, 
the farmers have been unable to make the ditch without assistance and have called in a 
capitalist to join them, heirequently arranges to take up a certain amount of unoccu- 
pied land which can be served by the canal and from the sale of which he looks to derive 
a considerable share of his profit. To prevent competition, therefore, he generally stip- 
ulates that the water rights which the farmers receive in return for their investment of 
labor or o<^ital shall attach to their particular acreage and can not be transferred to any 
other land. By thismeans he secures for himself the market for all irrigated land out- 
side of these acreages. When he sells what land can be irrigated by his share of the 
water his interest in the canal determines, and the works become the property of 
those who own the various ear-marked acreages which it is confinedtQ ^T^PPl^'^Ss 
Htfwi bjr 99mmQ» §^»w»t> tbe proprietor thw 4©Qjr^© ottorvWi ^y GoOQ fc 
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Capitalists often construct canals into unoccnpied conntry as a speonlation, and sell 
so nnich laud with a right to so mnch wator attached nntil rights covering the whole 
flow of the canal are parted with, and the new owners of the land become joint pro- 
prietors of the work which feeds it. In this way land and water are bonght and sold 
together, the area of the land being measnred by the quantity of water ; for in th*^ 
West all valne may be said to inhere in the water. Land is plentiful and almost 
worthless. The owner of the water really owns the land, for it is nseless without 
his supply. The quantity of available water, and not the area of a territory, defines 
its agricultural extent ; consequently where capitalists have built canals to lands 
which they do uot own and have secured the water they have really acq^nired the 
land too. They have the farmers absolutely at their mercy, and enjoy a monopoly 
of a most arbitrary kind. A land- owner who obtains a water-right can carry a 
stream to his own property at a distance through land as good as his which never 
can be cultivated except with his consent, and- which will fetch only one- tenth of 
what his irrigated land will fetch, though the two are only divided by a fence. 

A recognition of the danger of allowing water to bo monopolized without regard to 
the land has led a commission appointed to inquire into Califomian irrigation to de- 
clare that, '^ as a matter of public policy it is desirable that the land and water be 
joined never to be cut asnnder ; that the farmers would enjoy in perpetuity the use 
of the water necessary for the irrigation of their respective lands ; that when the 
land is sold the right to water shall also be sold with it, and that neither shall'be 
sold separately." Major Powell, in his carefnl draft of a land system adapted to the 
arid region, most emphatically recommends that *' The right to use water should in- 
here in the land to be irrigated, and water-rights should go with land titles." In 
Colorado the feeling has gone so far that a proposal has been made in the legidatiire 
to compel all oanal owners to supply any persons with water which they are not 
themselves using, at fixed rates ; but as this would simnly mean transferring to land 
owners who ha^ invested nothing in canals part of the profit to be made by those 
who had so invested, the proposal was not entertained. Indeed, where the companies, 
as at Denver, §e\l the water-right with the land, and then contract to maintain a 
water supply in perpetuity for a fixed sum per annum, the system is unobjectionable, 
providing that, as in these oases, the water-right has been properly obtamed. 

In Colorado and Utah, notwithstanding their peculiar situation, the water is given 
to the first applicant, though he has to purchase the land to use it uiK)n, which with- 
out the water would be worthless. It would have been more economical and more 
simple to have sold the water and given the land. Be this as it may it is essentiid 
that they should always go together. The practice of tying water-rights to the land 
has another argument besides that of avoiding monopoly, and this is that it tends to 
a more careful use of the water by its concentration upon a smaller area. 

THB COLONY 8Y8TKM> 

At first, as at Greeley, colonies were established upon something of a communal 
basis beyond the joint ownership of water- works, but this is now very rare. It is stiU 
frequently the case to find them organized upon a temperance basis, or by the union of 
1 hose of the same nationality, a& in the Scandinavian and German colonies. The joint 
interest in the sources of their irrigation supply remain, but all other kind of commu- 
nity has disappeared. Under the most favorable plan a piece of irrigable land is 
marked out into small holdings; either the land owner or a company construct works 
to supply these with water, and the lots are then sold to any purchaser with water- 
rights attached. By liberal advertising and easy terms of sale new centers of popu- 
lation and production are created in this way in a very short time, so that the barren 
plain in the course of a few years becomes dotted over with these oases until one 
joins another, and at last they inclose and suppdrt a thriving and well-built city, 
such as Fresno is to-day. Altogether there are some fifty of these colonies in Califor- 
nia, some of them planned upon a large scale, such as Riverside, and containing 
their township within themselves. It becomes the interest of the original owners 
to make the advantages which their lands offer widely known, and, consequently, 
they turn themselves into emigration agents of the most energetic kind. The East- 
ern States are deluged with pamphlets ; even the Old World is reached by means of 
the printing-office and by correspondence through the relations of those already set- 
tled. The aim is to make the place attractive, and no expense is spared to insure 
success. In one such enterprise at Ontario the proprietors have laid 'out nearly 
£100,000 upon 8,000 acres of land, bought at 28«. per acre ; of this sum about £10,000 
was spent upon head-works for the water supply, which is conducted in 2i6i miles 
of cement pipes to the comer of each 10-acre allotment, and in 3^ miles of iron pipes 
to the township for domestic purposes, at a cost of over £10,000. More than £20,000 
iu land was given to establish an agricultural college now built in the center of the 
settlement, nearly £4,000 spent in planting trees and making streets, and £700 in 
securing a railway station. There is a double avenue running through the colony 7 
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mile^ long in a straight line an^ 200 feet wide, planted with eucalyptus trees, and 
intended to contain a cable tratnway, and from the masts of which will be suspended 
electric lights, run by hydraulic power. Over £7,000 was spent in advertising this ' 
colony, and the result is confidently awaited. Many persons, weary of city life, are 
drawn from the New England States, while numbers are attracted from the Old 
World by the inducements held out to them. 

The colony enterprise has many advantages for those who engage in it. To join 
in it does not imply so great a trial as that effacing the wilderness with no neighbor 
less than miles away. It permits of society, of the establishment of schools, churches, 
and libraries, and the enjoyment of comforts which can not be secured in isolation. 
It furnishes, in fine, a frame-work for commercial organization anl the beginning of 
local government. It appeals, too, to a larger class than that usually drawn to 
agriculture. The physical labor required is not so severe ; there is mose scope for 
intelligence, and it offers remunerative employment for a small capital. 

SBCALL HOLDINGS UNDER INTENSE CULTURE. 

This is due not to the colony organization, but to the fact that by means of irrigation 
small holdings under intense culture are proved to be profitable. The land and water 
which will produce 25 to 35 bushels of wheat at 2«. Qd, per bushel will produce, under 
fruit trees, a crop worth twenty or thirty times as much. One-twentieth or one-thir- 
tieth of the area under fruit instead of ^ain will yield as great a return and a larger 
percentage of profit. It has been found in parts of Europe where the wattT is the prop- 
erty of one owner and the land of many others that the tendency of irrigation is to es- 
tablish a monopoly in land. This is the case whenever the water is not attached to the 
land, and owing to a defective code lawsuits are frequent. But where water is attached 
to land and rights are indisputable there is exactly the opposite tendency — to cut up 
the land into small farms. It needs both men and money to prepare and plant 20 acres 
of fruit trees at once. It is as much as a hard-working man can do to attend to 20 acres 
of oranges or 25 acres of vines himself,-and then he needs light assistaace in the pick- 
ing season. It is calculated that he can by frugality maintain himself and family 
upon half as much. Hence in the colonies 40 acres is a large estate ; it requires hired 
labor and yields a considerable revenue. 

Whether colony life yields large profits or notj the visible evidences are all of pros- 
perity. The little holdings are neatly tilled, with an air of perfect security, owing 
to theiT being often nnfenced or fenced only by a row of trees ; the houses are neat, 
well finished, well furnished, and of some architectural pretensions ; the people are 
comfortably dressed and well nourished, and their cattle in capital condition. 
Many of them brought their savings with them, and they are apparently content 
with their investment. The poorest places in these colonies have a far greater 
air of comfort than grain farms of 200 or 300 acres in extent. Whole colonies 
have been settled direct from Europe by a peasantry trained to the most frugal and 
industrious habits, and with these success is immediate. The much more extrava- 
gant American. has a harder time of it if he starts upon his 10 acres with lees than 
£500, as he must maintain himself by laboring for others the greater part of his first 
threo or four years. Still there are numbers who enter upon their little plots with- 
out even the money to pay for them or build a house or buy their tools. Many of 
these are dependent upon advances from the land companies, and, though interest 
is charged, the general result is that in a few years the hardy colonist has his home- 
stead clear and a profit from it which in a few years more suffices to maintain him 
and employ him always upon his own land. Ten-acre blocks are gaining in favor ix. 
some districts^ and nowhere can one observe deserted colonies, or parts of a colony, 
which show signs of the total failure of effort. 

WHAT HAS BEEN ACCOMPLISHED UPON SMALL HOLDINGS. 

The success of small settlements in Utah is evidence of what can be accomplished in 
the face of the greatest difficulties. The tide of immigration constantly pouring into 
Salt Lake City consists of families often entirely destitute, and who have, as a rule, to 
become indebted to the Church for their start. They have nothing but small plots of 
bare land, barren by nature, and are obliged from the very start to yield tithes yearly 
of all they produce; to give their labor to make the ditch which brings them water, and 
buy hack their debts to the Church with interest. Yet these peasants are enabled to 
makes homes for themselves which, though plain, are not uncomfortable, and to steadily 
improve their credit, though trading at the store established in the Church interest, 
which is not obliged to offer the lowest prices. 

With these lessons in the value of intense culture it is not surprising that the most 
intelligent and most enterprising irrigators desert grain-growing for either stock- 
raising or fruit-growing as quickly as possible, nor that the newspapers and author* 
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Hies of weight are persistoBtly bringing before the eyes of others the relatively on- 
mofttaible chameter of wheat^grewing, and urging them to attempt higher onltore, 
HMT its increase means the increase of population and of natural wealth. Railwi^ 
aceonntaots in California calonlate that an acre in vines gives as much freight as d 
acres of gf alB. A 640-acre ipain farm can be managed by a farmer with two grown- 
up sons, except in harvest time, and at all other peasons the broad, bare fields and 
rode homestead sat not indicative of permanent improvements. 

Od the Barton vineyard at Fresno, which has 540 acres under vines, thirty men are 
employed all the year round, withoot pickers. The winery, which is to receive the 
000,009 gallons upon which the proprietor calculates, is a great building, 330 feet long 
by 96 feet wida, besides which there is a distillery and office in addition to the usual 
farm buildings snrMMinding a handsome residence and garden. The eapital invested 
ie i^60,000, tuid the amount spent annually upon the 330,000 vines neariy £5,000. 
Thus under intense coltnre the same area as the grain farm, is made to produce a 
hundred-fold. With 640 acres under grain a farmer's position is precarious without 
irrigation and but poorly profitable with it. Under fruit or vines it is a great estate 
and its owner a wealthy man. The Barton vines are used to produce wine, while on 
small holdings they are usually employed to make raisins. It is calculated that the 
value of the products of Riverside will in the course of a few years be £200,000 per 
annum, and, though the oldest, it is not the best managed colony in Califomia. 

^ nr THE HUE vallet. 

[This description of Egyptian irrigration is summarized in the main 
from a rei>ort made to the colonial government of Victoria, Australia^ 
in 1887, by the Hon. Alfred Deakin.] 

The cttltivated area of Egypt is comprised within the Valley of the 
Nile and its Delta^ and are the entire creation of that river, built up 
by its deposits during many cycles of time. "Aristotle plainly affirm- 
eth the region of Egypt (which we esteem the ancientest nation of the 
world) was a mere gained ground, and that by the settling of mud and 
limous matter brought down by the river Nilus, that which was at first 
a continued sea was raised at last into a firm and habitable country.''* 
Outside of the valley stretches the veritable Sahara, with but here and 
there, amidst its endless desolation, tbe relief of a cluster of palms 
mid perhaps a little pasture. Even these oases are fed by subter- 
ranean chaanels supplied from the same source, and their extent 
altogether is comparatively insignificant. The Egypt of the past was 
five times as large as the Egypt of the present, but both have been 
virtually defined by the limits of the river's overflow, which has gresUJy 
eontoM^ted since a natural dam, whose site is now marked by the first 
cataract, was swept away. Political Egypt is two-thirds as large as 
Kussia, the largest territory in Europe, but peopled and productive 
EgyiH is only the size of its smallest territory, Belgium, and, so de- 
fined, is the narrowest country in tbe world. It consists of the Valley 
of the Nile, 550 miles long, and varying in width from 14 to 32 miles, 
but with an arable breadth nowhere exceeding 9 miles, until it reaches 
the Delta at Cairo, ftom whence it expands in fan-shape to a width of 
160 miles at the Mediterranean. The depth of the soil of the Delta, 
which has all been deposited by the river, commencing sometimes 
below the level of the sea, averages 33 to 38 feet, with a maximum of 
50 feet new* Ealv^b. It is estimated to be increasing in width and 
depth of deposit per century average between 4 and 6 inches. 

There are some springs of considerable flow, and a few lakes still used 
fer storage, but the Nile itself is practically the sole source of tiie 
water supply. According to the estimate of M. Linant — which is 
probably too high— the discharge at the mouth averages 3,500,000 
of cubic feet per minute at Low Nile, and 17,500,000 of cubiQ 
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feet at High Nile. The carrent at Low Nile averages 2 miles, and 
at Bigh Nile 3 miles an hour. A farther approximate estimate 
is that one-third of the river overflows at High Nile. This 
is utilized in two ways. In Upper Egypt, except under the Ibrahimieh 
Canal, the primitive system is still pursued. The country is divided 
by embankments into a succession of great basins from 8,000 to 40,000 
acres in extent. Sir Colin Moncrief says (1884) : 

Ab the Nile rises in Angast, these basins fill to a depth of several feet. The water 
lies in them till October, depositing its fertilizing mnd. It is then drawn off, the 
land is plowed and sown, and a crop of wheat or beans obtained the following 
March or April. This system allows of only one crop a year, and valuable sub-trop- 
ical plants like sugar-cane ^md cotton can not be grown. 

But in Lower Egypt^ and in the lands under the Ibrahimieh Canal in 
Ui^r Egypt, where the old system has been supplemented by the 
modern ones of weirs, reservoirs, and permanently-flowing canals, the 
supply flows throughout the year, to permit of the cultivation of rice, 
sugar-cane, and cotton. The lands of Lower Egypt are, therefore, per- 
petually under cultivation, and there is no time to flood the fallow fields 
in the manner practiced in Upper Egypt. In the Delta there are three 
seasonsof four months each: summer, from April to July, when the 
estimated discharge of the river ranges from 720,000 to 1,500,000 cubic 
feet per minute^ the flood season, from August to November, with a 
discharge of from 11,220,000 to 23,160,000 cubic feet per minute; and 
winter, with a discharge of 1,600,000 to 3,300,000 cubic feet per 
minute. Each of these seasons has its crops and appropriate methods 
of cultivation. Yet the Nile is somewhat capricious in its gifts, 
and does not bestow them with that scientific precision required to 
permit of permanent irrigation in all seasons of all years. In Lower 
Egypt it is for three months too high, and for nine mouths too low. A 
project has been broached by which the Wadi Raian, suspects of being 
the site of the Lake Moeris, which, according to Herodotus, Strabo, and 
Diodorus, added so immensely to the prosperity of ancient Egypt, 
should be converted into a reservoir half as large again as the Lake of 
Geneva, covering nearly 400 square miles, and containing more than 
1,000,000,000,000 Qubic feet. Until this stupendous work be under- 
taken, says Cope Whitehouse, Egypt must continue to depend upon an 
unregulated Nile, and can not hope to materially enlarge its irrigated 
area. 

There are altogether about 6,000,000 acres under cultivation, that is, 
under irrigation, for in Egypt the words are synonymous. The Delta 
contains 5,000,000 acres commanded by works, of which about 2,625,000 
are actually irrigated, and 840,000 acres more are fit for irrigation, 
while the balance consists of morass and desert which could only 
be watered advantageously after considerable expenditure. As 
during the inundation the water is above the level of the culti- 
vated land, irrigation is rendered easy. The perennial canals, 
which are employed at Low Nile as well, are of varying size and 
depth, the larger carrying 3 feet deep of water in summer, and 20 
feet in flood season. They leave the river at from 3 to 5 feet below 
mean low- water level, and, in the upper valley, at about 28 feet below 
ground level, gradually decreasing in depth until they run out on the 
surface. In 1873 there were 1,917 miles of navigable, and 6,583 miles 
of nnnavigable canals. Some of the former are of considerable size, the 
Ibrahimieh, for instance, being 93 miles in length, with a width at 
ground-level of 230 feet for the first 38 miles, and of 161 feet afterwards, 
giving a net discharge of about 16,380 cubic feet per minute in summer, 
138 A L— AP VOL rv ^21 
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and of 70,140 cubie feet per nfmute for 100 days in time of ftodd. Tbe 
Nahran Canal is 167 miles, and the Yuaufl overflow chaniwl'166' nWled" 
in length. Most of the works were built under Mehetne^ AH, by the 
forced laboi* of the Fell&hin, and consecjuently their true ccMst' oan IM^D 
be determined. The annual state outlay upo)i their iiiHilit^nMtfe 
amounts to ab<>ut 2 shillings an acre eotnmaufded. Theire is,' itt' afddf'- 
tion to this, the corviej or compulsory labor, required from tb6 villagem^- 
which was equivalent in 1884 to an army of 165,000 men working for 
100 days, and in 1885 to an army of 117,700 men working for an equal 
period. This practice is being gradually aboKshed. 

The water is diverted Itom perennial cauals by permanent or X^ixi- 
porary dams through simple cuts in the bank. Th^ former are 
composed of masonry piers 8 feet thick, with oiienings K feet 
wide, closed by timber beams set vertically, suppbrted by tft'e 
masonry in the bed of the canal, and above by a cross-beam pl^ibed' 
irotn pier to pier. They are often surmounted by arches, thus foi^ug a; 
bridge on the sanie structure. When the watering is oVer the beamer 
are lifted, and the stream passes on to the next dam. The tempw^'ry 
work is of eanh, occasionally a little strengthened with piles. There iii 
a little furrow irrigation in orchards^ and gardeiifs, such as those of the 
Khedive, atGezireh, where, by simply fitting aflo'wer-potlafdupdwits 
side with its mouth upsti'eatn into little channels, the li6'\^ waiJrdel%ed' 
86 as to permit of sufficient soakage intb the soil to snpi>ly the trees, 
while the surplus water passed through the sndall aperture at the teali- 
tom until stopped by another flower-pot. But, as a rule, all wate'ring 
is managed by submersion, the fields being readily divided into plots, 
by ridges made of Nile mud. The duty of water is' estimafted in the 
roughest way. Eice requires a constant stream and much manurfe ; cot- 
ton and sugar are watered every two or three weeks ; the first neeffing 
a small, but the second a liberal allowance in each wateritig. 1^ 
quantity of water said to be employed for sn^h crops from iierelitiial 
canals in the Delta is uncertain, but appears to supply from l^ acres 
to 2 J acres per cubic foot per minute. With b^ans, lentils, and' tbais^e 
a considerably higher duty is obtained. Under the inundation systeto' 
the one watering given appears to show a minimum of cubie feet 
per minute to the acre : but this varies greatly in different districts. 
Cereals are grown chiefly iti Upper Egypt, under the primitive system, 
being sown in the ground after its inundation, without plowing, and 
not needing to be irrigated. A considetabte area is u'ndei' p^'^^thrfe^ 
each group of cultivators having its small patch, upon which their sheep, 
of usually tethered camels, asses, and buffialoes are fed ; but much greeii 
stuft'is cut, always by hand, either ftfr transport to the cities or' tot 
feeding cattle. Tne canals are greatly used for carrying product t6 
market or to the railway. But even the great advantages they offer 
for this pnrpose have been hitherto but imperfectly enjoyed, owitf jf tb 
the numerous illegal obstructions placed upon them, and unjtist exact- 
ions in the shape of tolls. 

The great natural advantages of the country have their compeifsat- 
ing disadvantages. The land near the river banks is abbtit 17 feet 
above its low- water level. The fall is very regular, and is reckoned at^ 
5 inches to the mile along the river, and about the same away fh)m i*. 
This renders the excavation of canals eas^^, as in our northern plafnfs, 
but makes continuous cleansing necessary and drainage difficult, and 
causes loss fh)m soakage along the ditches. In summer the regtimh^ 
upon them are closed, and they become storages. The Kile v^ateK 
ichly laden with fertilizing materials, dex)osits it in the channel as w^tt 
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as ia the fields, sometimes, wben tbey have been dammed to adepth of 
8 feet. The dredging of the Ibrahimieh Canal costs over $200,000 a 
year, and on the other canals it is reckoned to occupy 60,000 men for five 
months in the year. The annual state outlay upon the canals is $3,000,- 
000, a large portion of which is spent in cleansing them. Mr. L. D'A, 
Jackson, civil engineer (Hydraulic Works, 1685), calculates that the work 
reqaired to be done each year by private proprietors and by the state 
is equivalent to the removal of 500,000,000 cubic feet of silt a distance 
of 200 feet, and to a height of 40 feet, at an expense of $2,500,000 for 
the perrennial canals of Lower Egypt alone. In 1884, $290,000, and in 
1885, $305,000, was spent in works of protection against the Nile, whicl^ 
is embanked for many miles by dikes of great antiquity. The drainage 
difficulty is even more serious, and by the neglect of proper provisions 
for the removal of the surplus waters large tracts of land have been 
soared or waterlogged; The subterranean up-flow has to be provided 
against as much as floods upon the surface. Indeed, it is water rising 
through the soil that brings to the surface the salts which do the chief 
damage. There are very few proper locks or sluices, and constant satu- 
ration sometimes causes seed to rot in the soil. Under present con- 
trol these dangers are being faced; old drainage canals are being 
straightened and cleared of obstructions; improper levels rectified, and 
new axterial drains, 20 and 30 nales long, projected. The evil is prob- 
ably aggravated by extravagance in the use of water. The soil has, 
in places, those signs which, in America, would be considered distinct 
evidences of over- watering. 

The use of manure has grown, and is growing, since the perennial 
canals do not carry the sediment which, coming down in the annual in- 
undations, had hitherto acted as a fertilizer. Crops, such as cotton and 
sugar, have already threatened to seriously impoverish the soil unless 
systematic fertilization is resorted to. Owing to the common use of 
cattle-droppings for fuel, it is only pigeon dung that is generally em- 
ployed, and, of course, in but very limited quantities, though great 
numbers of them are reared in every homestead for this purpose, and 
large quantities are brought from Upper Egypt every year. A great 
deal of fertilizing earth has been obtained from the ruins of ancient 
villages, once built of unbaked clay, but this requires to be used with 
care and discrimination on account of its varying elements. It is some- 
thing, however, to find the value of manure acknowledged by those 
who use the rich waters of the Nile. 

Fearing the failure of the immense masonry barrage which crosses 
both branches of the Nile a short distance below Cairo at the head of 
the Delta^ upon which the supply of water to the perennial canals 
largely depends, the government, in 1885, inade an agreement with the 
Irrigation Society of Behera, by which it undertook to pay $210,000 a 
year for thirty years for a supply up to a certain level, with a maximum 
of about 156,250 cubic feet per minute at Low Nile, lifted by two pow- 
erful sets of steam pumps into the Western Canal or liayah Behera* 
The weir has since been rendered secure, but the agreement indicates 
the value of water and the difficulty of obtaining it, even in parts of 
Egypt- Owing to the defective alignment of some of the silting up of 
other canals, the task of raising the water a second time from the chan- 
nels to the fields has been cast upon a large, if not the largest, body of 
the cultivators. In 1864, according to Figari Bey, the number of s^ki- 
yehs, or wooden water-wheels, used in Central and Lower Egypt was 
about 50,000, turned by 200,000 oxen, and managed by 100,000 persons, 
wHo watered 4^00,000 acres. The water-wheels are of several varieties. 
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costing, on the averag^e with the well, $150 each, that most in use suf- 
ficing for 5 acres, or 10 acres if worked day aud night, and employing 
three bnllocks and two men on each shift. Id the estimate of Figari 
Bey some steam pnmps were probably overlooked, for, twenty years 
later, there were 2,000 of these at work in Lower Egypt, with coal rang- 
ing from $10 to $20 per ton. It can now be bought in Alexandria for 
$6 per ton. The cost of steam pumping is about $1.50, but the price at 
which it can be hired varies from $2 up to $5 per acre. If paid in kind, 
the charge is one-fifth of a cotton, and one-quarter of a rice crop,* as the 
latter requires more water. A lO-horse power engine gives an ample 
supply for 100 acres during the season. There are also '* shadoofs'^ 
(Egyptian water-lifters, or swing buckets) innumerable in constant em- 
ploy, which require six men to keep watered 1 acre of cotton or sugar- 
cane, or 2 Of barley. 

Over 1,000,000 acres of the irrigated land belongs to the State, the 
Fellahin ui>on them being its tenants, with a life interest and a title to 
their improvements ; half as mnch is included in great estates, while 
the balance is in the hands of small proprietors. Omdehs, or notables, 
and sheikp, who control the village communes, often own estates of 
1,000 or even 2,000 acres, but the holdings of the great majority of 
their constituents, who are working proprietors, are very small. The 
Crown tenants, of course, pay rent, but all pay a " land tax ^ of from 
$1 to $8 per acre, which might be more properly named a water rent, 
as no tax is levied if no water is given. It is clear that, if in addition 
to the taxes there is the cost of pumping and four months' labor taken 
by the con^Se^ the produce must be great to yield any profit to the cul- 
tivator. The cost of the crop, including taxes and pumping, averages 
$25 per acre. The value of land averages $60 per acre in Upper Egypt, 
and from $100 to $125 in Lower Egypt, but it not infrequently reaches 
$100 in the one and $300 to $350 in the other. Its variation may be 
judged from the fact that rents run from 50 cents to $50 per acre. 
Labor, of course, is plentiful and cheap — wages averaging from ten to 
fourteen cents i)er day — but on the other hand the agricultural imple- 
ments employed are of the most primitive character; the plow used is 
made on the same model as is delineated upon monuments thousands of 
years old, and the Nile mud, though freely and easily worked after the 
subsidence of the water, requires constant attention throughout the 
year. 

The principal products are cotton, wheat, barley, beans, maize, sugar- 
cane, rice, and clover. In the Delta, those grown in summer are cotton, 
rice, sugar-cane, melons, cucumbers and clover. During the floods the 
maize, cotton, rice, and sugar-cane are cultivated. The winter crops are 
wheat, beans, barley, and clover. The common rotation is a tirst year of 
cotton and clover, a second year of maize, wheat, and clover, and a third 
year of maize, beans, and clover. Cotton is too exhausting to the 
soil to be grown every year. It could be grown every second year if 
the water supplj'^ were larger, but the present practice is to grow it 
every third year only, or, what is the same thing, not more than one 
third of a farm is put under this crop in each year. It is by far the 
most profitable product in Egypt, an acre being worth from $75 to 
$125, as against $35 for rice, $25 for wheat, and $20 per acre for fod- 
der, beans, maize, or lentils. In Upper Egypt, wheat, flax, and beans 
are chiefly sown, while by the use of s^kiyehs and shadoofs, millet, 
cucumbers, and melons are grown in summer. The food of the coun- 
try, which is grown by irrigation, of course does not appear in this re- 
turn. Some fruit is grown, a great deal of forage, and a great variety 
^ vegetables. 
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Trees are comparatively rare in the Delta; but larger estates are 
sometimes planted with figs, mulberries, acacias, and sycamores, while 
the growth of other varieties, notably of the weeping willow, myrtJe, 
elm, and cypress, are now being encouraged. Numbers of date palms 
are grown upon its borders. Large estates are reckoned to return a 
profit to their landlords, taking one year with another, of $25 per acre ; 
those of moderate size, also with hired labor, $22.50 per acre, while the 
fellS.hin, in their own plots and with their own family labor, gain as 
much as $32.50 per acre, irrigation here, as in France and Spain, favor- 
ing the small proprietors. The immense Khedivial plantations farmed 
by the State with most expensive machinery gave a profit of only $6.25 
per acre. Since they have been let to private proprietors they have 
returned a rent of $7.50 per acre. 

It should be noted that under despotic government^ and with the 
state undertaking the chief irrigation works the local communes are 
intrusted with the retailing of water. Where the state has attempted 
to irrigate on public estates it has only achieved a miserable failure. 
Beyond this the lessons of Egyptian experience, though somewhat 
vague in detail, point clearly enough to the importance of the questions 
of silt, drainage, and fertilization, as t>resenting the most important of 
the dif&culties to be surmounted. 

A French estimate of the total population in 1800 was 2,000,000^ it 
is now nearly 7,000,000. The country, however, practically depends 
for its resources upon the fellahin, who are less than a third of this 
number. Upon them and their labors rest the whole superstructure 
of Egyptian society. The population of 5,000,000, and a national debt 
of $515,000,000— all are supported by the fruits of irrigation and the 
industry of 2,000,000 irrigators. 

The total area of Egypt (land and water) is about 8,000,000 feddans, 
or 8.240,000 acres (1 feddan = 1.03 acres). Of this, 4,963,460 feddans, 
or 5,112,364 acres. Agricultural population forms 61 per cent, of the 
total. Total population, 6,817,265. There is an annual increase of 
population of 1.25 per cent. 



Population. 



No. of 
villages. 



No. of farm 

animals for 

every 103 

acres. 



Lower Egypt.. 
Upper Bgypt.. 



3,905,664 
2, 776, 982 



2,350 
1,420 



17 
13 



The crops of Bgypt, wholly the result of irrigation in 1888, were : 

Acres. 

Wbeat 1,237,260 

Maize and dnrrah 709,180 

Clover 1,236,515 

Cotton 994,743 

Beans 1,051,875 

Barley 601,784 

Lentils 113,489 

Rice 166,822 

All other crops 294,612 

Total 6,386,300 

. In Lower Egypt the soil yields four crops in three years; in Upper 
Egypt, seven crops in eight years. 

Jn 1888 the "double cultivation ^ was 1,503,057 acres. In 1888 the 
exports amounted to £10,418,212, or $52,091,065. In 1800, the popula- 
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tioQ was 2,000,000; by the census of 1882 it was nearly l^WOfiOO. It 
is now folly that number. 

BRITISH INDIA. 

Irrigation in British India sustains the largest popnlation, and is 
the most costly and extensive in the world. It has been practiced on 
the Indian peninsula from time immemorial. During the past third of 
a century, owing to the failure of the ancient works and the consequent 
destruction of crops with accompanying famine, the British rulers hare 
been compelled to assume large risks and make great outlays. It is 
estimated that about $120,000,000 have been expended under govern- 
ment direction for irrigation work aloue. As much more has also been 
used in the construction of canals for navigation, highways, and coun- 
try roads as well as railroads, for the purpose of making markets for 
the crops raised under the new system. 

The total population was estimated in 1888 at 269,477,728. The total 
area in square miles is 1,378,044. The average density per square mile 
of population is 184.3. Over two-sevenths of the entire population are 
connected with agriculture. Total area cultivated is given for 1888 at 
144,006,000 acres. Of this area 24,836,000 acres are under irrigation. 

The area most highly irrigated is the territorial divisions known as 
the northwest provinces and Oudh. It includes the great canal system 
of the Upper and Lower Ganges; other works of the largest magnitude 
are found therein. There are 68,000,000 acres cultivated, of which only 
5,000,000 are under ditch. Wells are used largely in these provinces; 
tbey number several thousand and serve about 2,000,000 acres of land. 
No statistics of well irrigation are kept. The Punjab includes an area 
somewhat larger. The total irrigated by canal is now about 2,000,000 
acres. About 1,500,000 acres cover, it is estimated, the area irrigated by 
wells. In the Presidency of Bombay, with a total areaof nearly 79,500,000 
acres, the area irrigated from all sources does no,t exceed 1,600,000 acres; 
the area irrigated from public works being less than 750,000 acres. 

In the Madras Presidency, out of an area of 89,500,000 acres not 
more than 3 per cent, is irrigated from public works. The total area 
under irrigation will not exceed 5,500,000 acres. Of the population 
of British India and its native dependencies it is estimated that at least 
20,000,000 persons are supported from land irrigated by village and 
neighborhood wells. The storage reservoir system is of enormous ex- 
tent and great importance. In the island of Ceylon alone over 5,000 
irrigation tanks and reservoirs are reported. In the province of My- 
sore, India, 20,000 such tanks are reported. The number, large and 
Small, will run into the hundreds of thousands. The average duty of 
water will range from 200 to 400 acres, according to locality. The 
snows from the Himalyan ranges afford a vast reserve against the 
enormous evaporation, which is a consequence of the equatorial posi- 
tion of British India. .The great extent of the country and the differ- 
ences in physical configuration and climate produce considerable variety 
in rain-fall and seasons. 

Fear the mountains irrigation is almost unnecessary, but the decrease 
in quantity is extremely rapid. Forth of the Punjab, near the foot- 
hills, the mean annual fall is 115 inches ; 30 miles distant it is but 31 
inches, descending to 20 inches at 70 miles, 15 at 100 miles, and 6 inches 
at 350 miles from the mountains. In the Sind the average rain-fall will 
be less than 7 inches, while in the southern portions of the peninsula it 
will range from 80 to 100 inches. 

The following table, though not of as recent date as desirable, will 
give a clear view of the British Indian irrigation system : 
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The legal regalations in British India rest largely upon th^ caual 
act of 1873, framed upon the reports made to the Imperial Government 
by two prominent engineers who visited Egypt and southern Europe 
for the purposes of investigation. This act relates to northern India 
only. Madras and Bombay have their own government, organizing 
such work under ** Orders in Council,'' and they do it very badly. 

The northern India canal and drainage act asserts the right of the 
State "to use and control for public purposes the water of all rivers 
and streams flowing in natural channels, and of all lakes and natural 
collections of still water.'' The act is of an elaborate character, organ- 
izing a great staff of canal oflBcers, giving power to enter private lands, 
defining compensation, procedure for granting water supplies, levying 
rates, constructing works, and granting all the powers nec^l»sary to 
carry on such vast stations. The Imperial administration has been a 
success. All attempts to engraft local self-government are a conceded 
failure. The general verdict unites favorably on the proposition that 
the Government investment has paid in actual dividends as well as in 
good order and prosperity to the people. 



Digitized by 



Google 



A BRIEF MEMORANDUM 



DECISIONS 

OP THE 

FEDERAL, STATE, AND TERRITORIAL COURTS 

UPON 

QUESTIONS RELATIVE TO THE USE AND CONTROL 

OF THE WATER IN THE ARID REGION 

OF THE UNITED STATES. 



PART VII. 



339 



Digitized by 



Google 



Digitized by 



Google 



TABLE OF CASES. 



Alder Golch Cob. Me; Co. v. Haves ; 6 Hont, 81. 
Amerioan Co. v. Bradford ; 27 Cal., 360. 
Anaheim Water Go. v. Semi-Tiopic Water Co.; 64 

Cal., 185. 
Anderaon v. Fisk; 36 Cal., 625. 
Atchioson v. Peterson ; 20 Wall., 507. 



Baker v. Brown, 55 Texas 377. 

Barkley v. Tieleko ; 2 Mont., 50. 

Barnes «. Sabron ; 10 Kev., 217. 

Basey v. Gallagher ; 20 Wall., 670. 

Boar River &, Auburn W. & M. Co. v. N. T. Mg. 

Co. ; 8 Cal., 327. 
Biddle Boggs v. Merced Mg. Co. ; 14 CaL, 279. 
Blsilsdell V. Stephens; 14 Kev., 17. 
Blanc V. Klumpke; 29 Cal., 156. 
Bliss V.Johnson; 76 Cal., 597. 
Boynton v. Longley ; 19 Nov., 69. 
Boynton v. Clear Lake Water Co. ; 40 Cal., 396. 
Biwler V. Natoma W. Co. ; 101 tJ. S., 274. 
Brown t). Evans ; 18 Kev., 141. 
Brown v.Muller; 65 CaL, 89. 
Brown v. Smith ; 10 Cal.. 508. 
Burbank v. W. Walker River Ditch Co. ; 13 Nov., 

431. 
Bui-nett V. A^bitesides ; 15 Cal., 35. 
Butto Canal & Ditch v. Yanghn; 11 Cal., 143. 
Bntie Table Moantain Co. «. Morgan ; 19 CaL, 

609. 

C. 

Campbell v. B. R. & A. W. &; M. Go. ; 85 Gal., 679. 

Caruthers v. Pembertoo ; 1 Mont., 111. 

Gate V. Sanford ; 54 Cal., 24. 

Gave V. Crafts ; 53 Cal., 135. 

Ghamook v. Rose ; 70 Cal., 189. 

Chiatovich v. Davis; 17 Nev., 133. 

Clark t>. WiUett; S5 CaL, 634. 

Coffin V. Left-IIaiid Ditch Co. ; 6 Colo., 443. 

Coffman t). Robbios ; 8 Ore., 278. 

Columbia Mg. Co. v. Holter; 1 Mont., 296. 

Coker v. Simpaoo ; 7 Cal., 340. 

Conger ». Weaver; 6 CaL, 548. 

Cole Silver Mg. Co. v. Virginia Gold HUl W. Co. ; 

1 Law, 470. 
Covington v. Becker ; 5 Nov., 281. 
(^mndall V. Woods; 8 CaL, 136. 
Crane v. Winson; 2 Utah, 248. 
Crary v. Campbell ; 24 Cal., 034. 
Crisman v. Hoiderer ; 5 Colo., 589. 
Gross V. Kitts; 69 Cal., 217. 

D. 

Daley v. Cox; 48 CaL, 127. 
Dalton V. B^wker; 8 Key., 190. 
Davis V. Gale: 32 Cal., 26. 
Denver v. Mullen : 7 Colo., 345. 
Dick V. Bird; 14 Nov., 161. 
Dickr Caldwell; 14 Kev., 167. 
Diliey v. Sherman ; 2 Kev., 67. 
De«d£^.i>. ^Cartin ; 7 Ore., 456. 
Dorr V. Hammond ; 7 Colo., 79. 



Eddy V. Simpson ; 3 Cal., 249 

Edgar v. Stevenson ; 70 CaL, 286. 

Ellison V. Jackson Water Co. ; 12 Cal., 542. 

Ellis V, Cone ; 58 Cal., 289. 

Esmond v. Chew; 15 Cal., 137. 

P. 

Fabian v. Collins; 3 Mont., 215. 
Farley v. Spring Talley M & I Go. ; 58 Gal., 143. 
Farmer v. Ukiah Water Co. ; 56 Cal., 11. 
Farmers' High Line Canal v. Southworth (Colo.), 

Lawyer's Rep. Annd., 1889, W. 767. 
Ferrea v. Knipe ; 28 Cal., 840. 
Feliz V. City of Los Angeles; 58 Cal., 73. 
Fleming v. Davis, 37 Texas 183. 
Fraler v. Sears Union Water Co. ; 12 CaL, 555. 
Frey v. Lowden ; 70 CaL, 550. \ 

Frisbie v. Whitney ; 9 Wall., 186. 



Gale V. Tnlumne Water Co. ; 14 CaL, 25. 

Gallagher v. Basey ; 1 Mont., 457. 

Gibson v. Pucha; 33 Cal., 310. 

Ginocchio v. Amador C. & M. Co. ; 67 Cal., 493. 

Golden Canal Co. v. Bright; 8 Colo., 144. 

Gould V. Stafford; 77 Cal.. 66. 

Gregory v. Kelson ; 41 CaL, 278. 

Grigsby v. Clear Lake W. Co. ; 40 Cal., 396. 



Halev.McLea; 63 Cal., 578. 

Hammond v. Rose; 11 Colo., 524. 

Hanson v. McCne ; 42 Gal., 303. 

Harris v.Sbonts; 1 Mont, 212. 

Hayden v. Long ; 8 Ore., 244. 

Henderson v. KichQls ; 67 Gal., 152. 

Hen8haw1^ Clark; 14CaL,46L 

Heyneman v. Blake ; 19 CaL, 579. 

Higginsv. Barker: 42 Gal., 233. 

HiUv.Kinjr; 8 Cal., 336. 

HiU V. Smith ; 27 CaL, 476. 

Hill V.Smith; 32 CaL, 166. 

Hill V. Kewman ; 5 CaL, 445, 

Hiraen v. Johnson ; 61 Gal., 259. 

Hobart », Ford ; 6 Kev., 77. 

Hobart v. Wicks ; 15 Kev., 418. 

Hoffinan V. Stone ; 7 Cal., 47. 

Hoffman v. Tuolumne Co., W. Co., 10 CaL, 412. 

Horn V. Jones ; 28 CaL, 194. 

Huston V. Bybee; Ore. Lawyers' Rep. Ann'd (1889) 

IL,568. 
Huston V. Leach ; 53 Cal., 262. 
Hnttonv. Frisbie; 37 Cal., 475. 



Irwin V. Phillips; 5 Cal., 140. 
Irwin ». Strait ; 18 Kev., 486. 



James v. Williams ; 31 Gal., 211. 
Jennison v. Kirk ; 98 U. S., 453. 
Johnson v. Superior Court; 65 CaL, 567. 
Jones V. Adams ; 19 Kev., 78. 
Junkans v. Bergin i 67 Cal, 267. 



^1 



332 



IRRIGATION IN THE UNITED STATES. 



Kaler v, Campbell; 13 Ore., 506. 
Keeney v. GariUo;2N. M., 4^0. 
Kelley v. Natoma Water Co.; 6 Cal., 105. 
KitlU V. Laird ; 15 CaL, 161. 
Kimball v. Gearhart; 12 CaL, 27. 



Lake v. ToUes ; 8 Kev., 285. 

Larimer Co., K. Co. v. People ex rel. Lntbe; 8 

Colo., 614. 
Laioed v. Taneeman ; 65 CaL, 334. 
Ledu t). Jim Yet Wa; 67 Cal., 346. 
Leigh Co. v. Independent Ditch Co., 8 CaL, 828. 
Levaroniv. Miller; 34 Cal., 23L 
Lewis V. McClare ; 9 Ore., 273. 
Lobdell V. Simpson ; 2 Not., 274. 
Lobdcllw. Hall; 3 Nov., 507. 
Logau V. Drisooll ; 19 CaL, 623. 
Lorens v. Jacob ; 63 CaL, 73. 
Lorens v. Jacob ; 59 Cal., 292. 
LoA Angeles v. Baldwin ; 53 CaL, 469. 
Los Angeles Water Co., v. Los Angeles City ; 55 

CaL, 176. 
Lower Kings K. D. Co. v. Lower Kings R. & F. 

Co. ; 60 CaL, 408. 
Lux V. Haggin ; 69 Cal., 255. 
Lytle Creek Water Co. v. Perdew ; 65 CaL, 447. 



McCraryu. Beaudrv; 67 CaL, 120. 

McDonald v. Bear River & Anbnm W. &. M. Co.; 

13 CaL, 220. 
McDonald v. Askew ; 29 CaL, 200. 
McGilleyray v. Evans; 27 CaJ., 92. 
McKinney v. Smith ; 21 CaL, 374. 
Maoris v.Bioknell; 7 CaL, 261. 
Mathew v. Lerrea ; 45 Cal., 51. 
Miller V. Yangbn ; 8 Ore., 333. 
Mintou.Delaney; 7 Ore., 337. 
Monroe v. Ivie ; 2 UUh, 535. 
Moore v. Clear Lake Water Works ; 68 CaL, 146. 
Moore V. Willamette Transportation Co. ; 7 Ore., 

855. 
Mosier v. Caldwell; 7 Kev„ 363. 

N. 

Natoma W. & M. Co. v. McCoy ; 23 CaL, 491. 
N. C. & a Canal Co. v. Kidd ; 37 CaL, 282. 
Nevada Water Co. v. Powell ; 34 Cal., 109. 
Nonis V. Glenn ; 1 Idaho, 590. 

O. 

O'Connor v. North Tmckoe Ditch Co. ; 17 Ner., 

245. 
Ogbam V. Connor ; 46 Cal., 846. 
Ophir Silver Mfg. Co. v. Carpenter ; 4 Nov., 534. 
Ortman V. Dixon ; 13 Cal., 33. 
Osgood V. £1 Dorado W. Sc M. Co. ; 56 Cal., 571. 



Park's C. & M. Co. v. Hoyt ; 57 Cal., 44. 

Parke v. Kelham ; 8 CaL, 77. 

Pliienix Water Co. v. Fletcher ; 23 CaL, 482. 

Pope V. Krinman ; 54 Cal., 3. 

Pritje V. Riverside L. & L Co. ; 56 CaL, 431. 

Priest u. Union Canal Co. ; 6 CaL, 170. 

Proctor V. Jennings ; 6 Nov., 83. 



Qairk v, Falk ; 47 Cal., 463. 



Railroad Co. v. Schnrmier ; 7 Wall., 272. 

Reed v. Spicer ; 27 Cal., 57. 

Reno Smelting M. & R.Workst>. Stevenson (Nov.); 

Lawyers' Rep. Ann'd (1889) rV,60. 
Reynolds v. Hosmer ; 61 Cal., 205. 
Robinson v. Imperial Silver Mg. Co. ; 5 Nov., 44. 
Rominger v. Squires ; 9 Colo., 327. 
Richardson o.Kier; 34 Cal., 63. 
Richardson v. Williamson ; 24 CaL, 289. 
Rupley V. Welsh ; 23 Cal., 452. 



S. 



San Francisco &. Alameda W. Co. v. Alameda W. 

Co : 36 CaL, 639. 
Schilling v. Rominger; 4 Colo., 100. 
Schultz V. Winter ; 7 Nov., 130. 
Scholz V. Sweeney ; 19 Nov., 350. 
Shaw V. Oswego Iron Co. ; 10 Ore., 37L 
Shivelyv.Hame; 10 Ore.. 76. 
Shoemaker v. Hatch ; 13 Nov., 261. 
Shook v.Colohan; 12 Ore., 239. 
Sieber v. Frink; 7 Colo., 148. 
Simpson v. Williams ; 18 Nev., 432. 
Smtth V. Logan ; 18 Nov., 149. 
Smith V. O'Hara ; 43 CaL, 371. 
Spear v. Cook ; 8 Ore., 880. 
Spring Valley W. Works v. San Mateo W. Worka; 

64 Cal., 123. 
Standard v. Ronnd Valley Water Co. : 77 CaL, 399. 
St. Eelena Water Co. v. Forbes; 62 Cal., 182. 
Stein Canal Co. v. Kern Island Irr. Co.; S3 

Cal., 563. 
Stockman v. Riverside L. & T. Co. ; 64 Cal., 57. 
Strait V. Brown ; 16 Nov., 317. 
Swift V. Goodrich : 70 CaL. 103. 



Tartar v. Spring Creek M. & Mg. Co. ; 5 Cal., 395. 

Taylor v. Welch ; 6 Ore., 198. 

Tenney v. Miners' Ditch Co. ; 7 CaL, 335. 

Thomas v. Guirand : 6 Colo., 530. 

•Thompson V. Lee: 8. CaL, 275. 

Titcomb v. Kirk; 51 CaL, 28a 

Tolman v. Casey ; 15 Ore., 83. 

Telle V. Coneth ; 31 Lex., 362. 

Toombs t7. Hombackle ; 3 Mout.^ 193. 

Tripp V. Overocker; 7 Colo., 72. 

Tuolnmae Water Co. v. Chapman ; 8 Cal., 392. 

Turner t>. Tuolnmne County W.Co.; 25 Gal., 398. 

The Mining Debris Case ; 8 Saw., 628. 

The Mining Debris Case; 9 Saw., 441. 



Union Water Co. v. Crary ; 25 Cal., 504. 
Union M. & M. Co. v. Ferris, 2 Saw., 176. 
Union M. & M. Company v. Danberg; 2 Saw., 450. 

V. 



Van Sickle v. Haines ; 7 Nov., 249. 
W. 



Ware V.Walker; 70 Cal., 491. 

Weaver v. Eureka Lake Co. ; 15 Cal., S71. 

Weaver v. Conger ; 10 Cal., 238. 

WeUl V. Baldwin, 64 Cal., 476. 

Wois V. Oregon Iron & Steel Co.; 10 Ore., 496. 

Western Pac. R. R. Co. v. Tevis & Kerr ; 41 CsL, 

489. 
Wheeler v. Northern Colo. Irr. Co.; 10 Colo., 682. 
White V. Todd's Valley Water Co.; 8 CaL, 443. 
Wilcx)x D. Hausch ; 64 CaL, 461. 
Wilkins v. McCne; 46 Cal., 606. 
Winter t>. Winter ; 8 Kev. , 129. 
Wixon V. Bear River Sc Anbom W. & M.Co.; 24 

CaL, 367. 
Wolf t>. St. Louis Independent W. Co.; 10 Cal., 541. 
Woolman v. Garringer; 1 Mont., 535. 



Tosemite Valley Case : 15 Wall., 77. 
Ynnker V. Nichols; 1 Colo., 551. 



Zimmler, adm*r, v. San Lonis Water Co. ; 87 CaL, 

Jigitized by VjOOQI€ 



i 



BRIEF OF DECISIONS*- 



Abandonment. 

When the water of a stream leaves the possessioD of a party, all his right to and 
interest in it is gone. 
Eddy V, Simpson, 3 Oal., 249. 
If an appropriator of water, after using the same, allows it to return to the 
stream without intention of using it again, that water becomes a part 
of the stream, and is subject to appropriation by another. 
Eddy V. Simpson, 3 Cal., 249; Schula v. Sweeny, 19 Nev., 359 ; Woolman v, 
Garringer, 1 Mont., 535. 
The prior appropriator can not claim water after it has been abandoned by him 
and appropriated by another. 
Eddy r. Siinpson, 3 Cal., 249 ; Barkley v, Tieleke, 2 Mont., 59. 
Rights of a prior appropriator of water may be lost by his acquiescence in an ad- 
verse use thereof by another during the period limited by the statute 
of limitations. This would not apply to any portion of said water of 
which the prior appropriator did within said period resume, and after- 
wards, retain x>os8e8sion. 
Union Water Company r. Crary, 25 Cal., 504; Davis v. Gale, 32 Cal., 26; 
Smith V. Logan, 18 Nev., 149 ; Woolman v. Garringer, 1 Mont., 5:^5. 
The attempt to convey a water right by an imperfect conveyance, while it may 
not operate as an absolute transfer, clearly operates as an abandonment 
by the grantor of his right acquired by appropriation, and the right of 
the buyer relates to the date ot his taking possession as an original ap- 
propriation by him. 
Barkley v, Tieleke, 2 Mont., 59. 
One who has abandoned his prior right to the use of water can not by afterwards 
making a sale of the same revive his prior right in favor of his grantees, 
even if the same is made in good faith. 
Davis V. Gale, 32 Cal., 26. 

Abandonment, evidence o£ 

An appropriator of water who for many years makes no use of the water, allows 
his ditch to become obliterated, and interposes no objection to the diver- 
sion of the water by a subsequent appropriator, will be presumed to have 
abandoned his right of priority. 
Dorr V, Hammond, 7 Colo., 79. 
The-faots that water was appropria4ied for a particular purpose, and that the 
purpose has been fully accomplished, and that when accomplished the 
appropriators dispersed, and allowed a long time to elapse without using 
the ditch, and then sold it for a nominal sum, may be received in evi- 
dence as tending to show abandonment. 
Davis V, Gale, 32 Cal, 26. 
A failure to use for a time is competent evidence on the question of abandonment ; 
and if such non-use be continued for an unreasonable period, it may 
fairly create a presumption of intention to abandon, but this presump- 
tion is not con^nsive, and may be overcome by other satisfactory proofs. 
Davis V, Gale, 32 Cal., 26 ; Sieber v, Frink, 7 Colo.« 148. 

Abatement of nuisance. 

See Actidhs for diversion of water, Hnisance. 

Acquiescence. 

See Abandonment, Estoppel, Prescription. 

. * ThiH brief of decision is enlarged from one made for the United States Irrigation Snrvey and pub- 
lished by the Interior Department (1890). The table of oases and the digest of decisions down to 
April, 1890, have been prepared under the direction of the editor. 
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Act of Congress. 
Ste Statutes. 

Action against trespassers, who may maintain. 

A party who is in possession of a ditch and the water incident thereto lias an 
eqaitahle interest therein, andean maintain an action against trespassers. 
Barkley v, Tieleke, 2 Mont., 59. 

Action for diversion of water, tenants in common. 

Actions for diversion of the waters of ditches are in the nature of actions for the 
ahatement of nnisanoee^ and may be maintiuned by tenants in common 
in a joint action. 
Parke v. Kilham, 8 Cal., 77. 

In an action for the diversion of water from a ditch and laud owned by the plaint- 
iff and others, his co-owners are not n^ecessary parties. 
Himes v. Johnson, 61 Cal., 259. 

Action for injury to water rights, who may maintain. 

One to whom lands have been conveyed acquires thereby the legal title to snch 
lands, even though there may be an oral agreement to reoonvey, and 
may maintain an action to establish water rights connected with aaid 
land. ^ 
Smith V. Logan, 18 Nov., 149. 

Action for invasion of water right, who may irnainfrAin 

Until a claimant is himself in a position to use water, the riffht to the water does 
not exist in such a senss that the mere diversion and use of the water by 
another is a ground of action either to recover the water or damages for 
the diversion. 
N. C. & S. Canal Co. v. Kidd, 37 CaL, 282. 

Adverse use. 

See Prescription. 

Agriculturists and miners. 

See Miners and Agriculturists, relative rights of, Miners' rights not superior to 
others. 

Application to beneficial use. 

See Appropriation. 
Appropriation. 

The first appropriator of water from a natural stream upon the public lands for 
a beneficial purpose has a prior right thereto to the ext-ent of such ap- 
propriation. 
Atchison V. Peterson. 20 Wall., 507; Basey v, Gallagher, 20 Wall., 670; Irwin 
V, Phillips, 5 CaL, 140 ; Tartar v. Spnng Creek M. & Mg. Co., 5 Cal., 395 ; 
Hill r. Newman, 5 Cal., 445 ; Conger v. Weaver, 6 Cal."!^ 548 ; Hoffman r. 
Stone, 7 Cal., 47 : B. R. and A. W. and M. Co. r. N. Y. Mg. Co., 8 Cal., 327: 
Hill«. King, 8 Cal., 336; Butte Canal and Ditch Co. v, Vaughn, 11 Cal., 143; 
Ortraan r. Dixon, 13 Cal., 33; McKinney r. Smith, 21 Cal., 374; Union 
Water Co. r. Crary, 25 Cal., 504 ; Davis v. Gale, 32 Cal., 26 ; Osgood v. El 
Dorado W. and M. Co., 56 Cal., 571 ; Himes v. Johnson, 61 Cal., 2^9; 
Brown v. MuUin, 65 Cal., ^; Jnnkans v, Bergin, 67 Cal., 267 ; Ware v. 
Walker, 70 Cal., 591 ; Schilling v. Rominger, 4 Colo., 100 : Coffin r. Left- 
Hand Ditch Co., 6 Colo., 443; Wheeler v. Northern Colo. Irr. Co., 10 
Colo., 582; Golden Canal Co. v. Bright, 8 Colo., 144; Hammond tr* Rose, 
11 Colo., 524; Lobdell r. Simpson, 2 Nev., 274: Ophir Silver Mg. 
Co. V, Carpenter, 4 Nov., 534 ; Dalton r. Bowker, 8 Nev., 190: Ba^es 
v.Sabron, 10 Nev., 217; Strait r. Brown, 16 Nov., 317; Jones v. 
Adams, 19 Nev., 78; Atchison «. Peterson, 1 Mont., 561; Barkley v. 
Tieleke,2Mont., 59; Keeney r.Carillo,2N.M., 480; Farmers' High Line 
Canal v. South worth (Colo.), Lawyer's Rep. (1889) IV, 767 ; CraAe «.Win- 
sor, 2 Utah, 248 ; Monroe v. Ivie, 2 Utah, 535 ; Kaler v. Campbell, 13 Ore., 
596. 

The diversion of the waters of a stream with the object of drainage simply, or 
without the Intention of applying them to some useful purpose, does not 
constitute an appropriation. 
Maoris r. Bicknell, 7 Cal., 261 ; McKinney v. Smith, 21 Cal., 374 ; Thomas v. 
Gniraud, 6 Colo,, 530, r^ i 
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Appropriaticn — Gontinaed . 

OM "WiiSb ni^i^e Waigt^ waf6r ftMl tUle niitailrig operatidns of sAMbet acv^YktrM by 
sucb tra^ Ab Tigh% ntilesii tbali water bad been tnriied babk iMo tbe orig- 
inal cbanuel witboat any intention Of recaptut^, atidtbtis hecdtM puhlioi 

WodiliiiMn v: Qnitttiig^r, 1 Mont., 535. 
To constitute a l^gal apnropriijktidn, th^ water claimed mnst bd applied to some 
betteficiat nse or pinr^ded. 

IfoeriB V, Bicknell, 7 Cal., 261 ; Weaver t). Etir^ka Lake' Co., 15 Cal., 271 ; 
Davis V. Gale, 32 Cal., 26^; SieWdr v. Fribk, 7 Colo., 148; Latiiner R. Co. 
t, Peoplfr. ex ret Lnthe. 8 Colo., 614 ; Wheeler v. Northern Colo. Irr. Co., 
10 Colo., 582 ; Di^6k 0. Caldwell, 14' Nev., 167i Fatnkerg' H1^ Line Canal 
V. SbnIhWOrth (Cold.), Lawyers' Rep^. (1889), IV, 767. 
The tme test of appropriation of water is tbe siiccesSfiil ap|»li^atiK>i!i thereof to 
the benenoial nse designed, and the mietbod of diverting et carrying tbe 
fiiftiue, or makitij^ sirbh application, is iinniAl^tial. 

TbbniaB t. GiMVatfd, 6 CoK>., 530; 
If land be rendered prodnctiVe by the natural 'ovoi^w of wallet th^iiton witboat 
tbe aid of any appliances whatever, the cultivation of snch land by means 
of the water s6 na^rally mbfBtening the saiuf) id a Bnffieient approj^ria- 
tlotf of each water to the ainbniit necessary for snch' nfl^. 

Thbi^Mis ij: GAirand, 6 Cold., 590. 

Appropriation completed, relates back : 

Altbongh the apjpropilatibn is n^t deeoMid ccmlplete nntil the actnial dtrersion 
or oae of tnd water, stili if sneh work be prosecuted with reasonable 
dfligADCe, the right relates to the tine when the first step was taken to 
secnrett. 
KeH^ V. NatOttra Water Co., 6 Cal., 105; Maeris «. Blcknell, 7 Cal., 261: 
Kimball r. Gearhart, 12 Cal., 27; N. C. & 8. O. Co. t?. Kidd, 37 Cal., 
282; Osgood 1^. Water and Mining Co., 56 Cal., 571 ; Ophir Mhiing Co. v. 
Carpenter, 4 Nev., 534 5 Irwita v. Strait, 18 Nov., 43fr; Siebor v. Frink, 7 
Colo., 148; Wheeler V. Northern Colb. Irr. Co., 10 Color., 582; Columbia 
Mg. Co. V. Holter, 1 Mont., 296. 

ApprofHiation, diligence : 

To acquire a right to water fix>m tbe date of the diversion thereof one must, 
within a reasonable time^employ tbe same in the business for which tbe 
a^ropriation is nrnde. What shall constitute such reasonable time is a 
question of fact, depending upon the circumstances connected with each 
particular cKfse% 

Conger v. Weaver. 6 Cal., 548 ; Maeris v. Bicknell, 7 Cal., 261; Parke v. 
Kilham, 8 Cat., 77 ; Kimball v, Gearhart, 12 Cal,» 27 ; , Weaver v. 
Eureka Lake Co., 15 Gal., 271; Sieber r. Frink, 7 Colo., 148; Wheeler 
r. Northern Colo, Irr. Co., 10 Coio., 582 ; Atchison v. Peterson, 1 Mont., 
561; Keeney v. Carillo, 2 N. M., 480; OjAir S.M. Co. v. Carpenter, 4 
Nov., 534. 
£)iligence in the prosecution of work such as the appropriation of water by con- 
structing a ditch for its use does not require nn usual or extraordinary 
efbrts, but only such constapcy or steadiness of pnrpohe or labor as is 
usual with men engaged in like enterprises, who desire a speedy accom- 
plishment of their designs; such assiduity in it« prosecution as will 
manifest a bona fide intention to complete it within a reasonable time. 

Kimball v. Gearhart, 12 Cal., 27 ; Ophir S. Mg. Co. v. Carpenter, 4 Nov., 534. 

Api^opriatibn, exteiit of. 

The appropriation of tbe water of a stream lor a particular purpO^ Is an appro- 
priation of only so much of tbe water as is necessary lor that purpose, 
and the siirplnai. if any, may be taken by otbers. 
Ortnian t?. Dixon, 13 Cal., 3.1 ; McKinney v: Smith, 21 Ciil., ;^4 ; BaVis v. Gale, 
32 CaL,.26 ; Nevada Water Co. v. Powell, 34 Cal., 109; N. C, Si 8. C. Co. v. 
Kidd, 37 Cal,, 282^ EcUpar p. Stevenson, 70 Cal., 286; Butte Canal & 
Ditch Co. r. Vaughn, 11 Cal., UiJ; Barnes v, Sabrob^ 10 Nev., 217 ; Simp- 
son V, William^, 18 Kev., 432 ; Lobdell v, Simpson, 2 Nev., 274 ; Sieber v, 
Frlnk,7 Colo., 148. 

The quantity of water appropriated in any gTveh* case is to be m^as\ir€d'by the 
capacity of tbe ditch or flume at its nmallest voint; that is, at the point 
where the least water can be carried throngh it. 
Hig^s V. Barker, 42 Cal., 233 ; Atchison v, Peterson, 20 Wall., 507 ; Ophir Min- 
ing Co. t>. Carpenter, 6 Nev. ^ 393 ; Carutbers v, Pemberton, 1 Mont,, HI, 
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AppropElatioii, extent of— Continaed. 

Appropriation of all water in a stream means as it ordinarily flows, and another 
may take the snrplns in times of extraordinary high water or freshets. 
Edgar v. Stevenson, 70 Cal., 286. 
In determining the quantity of water appropriated it is proper to consider the 
acts of the ap^ropriator. the manner in which the ^tcn was constrocted, 
the general size, etc. The appropriator would not be limited to the 
quantity turned into his ditch m the first place, unless by the general 
plan, size, and ^ade of the ditch it was not capable of carrying more 
than was first diverted. If by reason of obstruoUons or irregularity in 
the grade of the ditch it was not capable of diverting as much watctr as 
its general size would indicate, the appropriator would be allowed a 
reasonable time to remove such obstructions or adjust the grade, and 
then fill the ditch to its capacity. 
White r. Todd's VaUey Water Co., 8 Cal. » 443. 
The erection of a dam across a natural water^course is an actual appropriation of 
the waters of the stream to that point, but no forther. Any one may ap- 
propriate the water found below the dam. 
Kelly V Natoma Water Co., 6 Cal., 105. 
If one appropriates a part of the waters of a stream for a certain period of time, 
any other person may not only appropriate the residue and acquire a right 
thereto as perfect as the first appropriator, but may also acquire a right 
to the quantity of water used by the first appropriator at such times as 
it is not needed or used by him. 
Smith V. O'Hara, 43 Cal., 371 ; Barnes v. Sabron, 10 Nov., 217. 
The right to acquire, by the prior appropriator is limited to the amount of water 
appropriated. In subordination to his right thus limited others may ap- 
propriate the remainder of the water running in the stream. 
Butte Canal & Ditch Co. v. Vaughn, 11 Cal., 143 ; Ortman v. Dixon, 13 Cal., 
33: McKinneyr. Smith, 21 Cal., 374; Nevada Water Co. v. Powell, 34 
Cal., 109; Higgins r. Barker, 42 Cal., 233; Brown v. Mullin, 65Cal.,89; 
Junkans v. Bergin, 67 Cal., 267 ; Lobdell v, Simpson, 2 Nev., 274 ; Proctor 
V. Jennings, 6 Nev., 83 ; Barnes v. Sabron, 10 Nev., 217 ; Strait r. Brown, 16 
Nev., 317; Chiatovich v, Davis, 17 Nev., 133 ; Thomas v. Guiraud, 6 Colo., 
630. 
The prior appropriator has a right to have the water so appropriated flow 
down to the point of his appropriation undiminished in quantity and 
quality. A subsequent appropriator would have the right to use water 
m>m said stream in such a manner as not to cause any positive or sen- 
sible injury to the former appropriator. 
Bear Eiver & Auburn W. & M. Co. v. N. Y. Mg. Co., 8 Cal., 327 ; Hill v. King, 8 
Cal., 336; Butte Canal and Ditch Co. v. Vaughn, 11 Cal., 143; Phosnix 
Water Co. v. Fletcher, 23 CaL, 482 ; Natoma W. & M. Co. r.McCoy, 23 CaL, 
491; Nevada Water Co. t?. Powell, 34 Cal., 109 ; Stein Canal Co. v. Kern 
Island Irr. C. Co., 53 Cal., 563 ; Lobdell v, Simpson, 2 Nev., 274 ; Crane v. 
Winsor, 2 Utah, 248. 
The right of a riparian proprietor to the waters of a river should be determined 
by the application of the principles of prior appropriation. 
Reno Smelting M. & R. Works r. Stevenson (Nev. ) Lawyers' Rep., 1889, -IV, 60. 
A subsequent appropriator from a natural stream has no right to destroy the 
ditch of a prior appropriator, or to materially diminish the quantity or 
deteriorate the quality of the water to which the latter is entitled ; nor 
has the prior appropriator a right to extend his use of water to the preju 
dice of the subsequent appropriator. 
McKinney r. Smith, 21 Cal., 374; Nevada Water Co. «. Powell, 34 Cal., 109; 
Higgins V. Barker, 42 Cal., 233; Stein Canal Co. v. Kern Island Irr. Co., 
53 Cal., 563; Brown r. Mullin, 65 Cal., 89; Junkans r. Bergin, 67 Cal., 
267; Lobdell v, Simpson, 2 Nov., 274; Proctor v, Jennings, 6 Nev., 63; 
Sieber v. Frink, 7 Colo., 148 ; Larimer County R. Co. v. People, ex rel., 8 
Colo., 614. 
The right to use water for purposes of irrigation, when its use is not indispensable, 
but for the purpose of increasing the products of tlie soil, must be subordinate to the 
right of a CO proprietor to supply his family, tenants^ etc., their natural wantBfor 
necessary and domestic purposes. 

Baker v. Brown, 55 Tex., 377. 
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Appropriation, extent of, character of use considered in determining. 

A beneficial use, without regard to the nature thereof, wijl sustain the right by 
appropriation ; but the nature of the use may be important as denoting 
the extent of the water appropriated. Water taken for a mill is not taken 
as an article of merchandise, to be sold in the m£krket ; it is merely taken 
for use as a motive power, and, having subserved this purpose, may be 
taken by others. 
McDonald r. Bear River & Auburn W. & M. Co., 13. Cal., 220. 
The appropriation of water to a beneficial use by consumers receiving it through 
a ditch belonging to a public carrier of water is accomplished at the time 
the water is actually used beneficially by the consumer, and consumers 
thereof are not necessarUy upon %ii equality, but may have different 
priorities of right. 
Farmers' High Line Canal v. Southworth (Colo.), Lawyers' Rep.(I889), IV, 767. 

Appropriation, Indian may acquire right by. 

An Indian may acquire a right to the use of water on the public lands by appro- 
priation, and may maintain an action for diversion of such water. This 
right would carry with it the right to repair a temporary damage to his 
ditch or dam, and those who might obtain possession under him would 
have the same right. 
Lobdell V. Hall, 3 Nov., 507. 

Appropriation, manner of making, may be regulated by the legislature. 

The legislature can not prohibit the appropriation or diversion of unappropriated 
water for useful purposes from natural streauis upon the public domain, 
but it may regulate the manner of effecting such appropriation or diver- 
sion, and may designate how the water shall be turned from the stream 
or how it shall be stored and preserved. 
Larimer County R. Co. v. The People, 8 Colo., 614. 

Appropriation, notice, e£fect ot 

A notice of intention to appropriate is evidence of possession, but of itself alont) 
is not sufficient. Taken with other acts it amounts to sufficien t evidence . 
It forms one of a series of acts which, taken together, make the right. 
perfect. 
Conger v. Weaver, 6 Cal., 548 ; Thompson v. Lee, 8 Cal., 275 ; Columbia Min- 
ing Co. V, Holter, 1 Mont.. 296. 

Appropriation of land and water requires different character of acts. 

Public land is appropriated by one character of act, water by another. The dig- 
ging of a ditch on public land is not an appropriation of laud for a mill- 
site, nor is the mere appropriation of a mill-site an appropriation of 
water for milling purposes. 
Robinson v. Imperial Silver Mg. Co., 5 Nov., 44. 

Appropriation, right attaches when. 

Although one may not have completed his work for diverting or using water, 
and therefore has not completed his appropriation, yet he has a right to 
the use of so much of the waters of the stream as may be necessary to 
prevent his works from injury while in the process of construction. 

Weaver v. Conger, 10 Cal., 233. 
Appropriation, rights acquired by. 

An appropriation of water at a given point carries with it an implied authority 
to do all that shall become necessary to secure the benefit of such appro- 
priation. To this extent the appropriator acquires an easement in the 
adjoining lands. This right is, however, restricted to the narrowest 
limits, and it must be exercised in such manner as to occasion as little 
t damage as possible to the owner of the adjoining premises. 
Crisman f>. Heiderer, 5 Colo., 589. 
The appropriation of water flowing through the public lands confers no ri^ht on 
the appropriator, either against the Government or its grantees, m the 
absence of Congressional legislation qualilying the effect of the Gk>vern- 
ment patent. And this is so, although the customs, laws, and decisions 
of the courts of the States wherein the land lies recognize and enforce 
rights acquired by prior appropriation in controversies between occupants 
of public lands without title from the Government. 
Union M. & M. Co. v. Ferris, 2 Saw., 176. 
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Appropriation, rights acquired by — Continned. 

By appropriation one acqnires only the right of possession and use of water, quali- 
fied by the right of others to its use, in such manner as shall not materia 
aUy diminish or deteriorate it, at the place of his appropriation, in qaan- 
tity or quality. 
Columbia Mining Co. v. Holter, 1 Mont., 296 ; Alder Gulch Con. Mg. Co. v. 
Hayes, 6 Mont., 31. 

Appropriators, prior and subsequent. 

If two parties have acquired rights to the use of the water in a stream and the 
Yolame of that water is increased by others turning into said stream the 
water f^om their ditch without intention of retaking it, said increase, be- 
coming pubtici juris f does not affect the relative rights of the appropri- 
ators. Those rights remain the same as they wouM if the increase had 
been due to a natural cause. 
Davis t\ Gale, 32 Cal., 26. 
Priority of appropriation shall determine the right to water of a natural stream ; 
the water is not ** appropriated" until it is applied to some beneficial use. 
Farmers' High Line Canal v. Southworth (Colo.), Lawyer's Rep., Ann. 1889, 
iv., 767. 

Appropriators, relative rights. 

The question in controversies between two appropriators where the prior appro- 
priator asks damag^es from the subsequent appropriator, or seeks to re- 
strain him from using the water is, has the prior appro[>riator's use and 
enjoyment of the water for the purposes for which he claims its use been 
impaired by the acts of the subsequent appropriator t 

Atchison v, Peterson, 20 Wall., 507; Union Water Co. v. Crary, 25 Cal., 504; 
Hill V. Smith, 27 Cal., 476. 
Different users of water, obtaining their supply through the same ditch, may, un- 
der some circumstances, have different priorities of right to the water. 

Farmers' High Line Canal v, Southworth (Colo.), Lawyer's Report, Ann. 1889, 
iv, 767. 
The appropriation of mining water is open to all persons, and the legislature has 
no power to enact laws that will permit an irrigating company to control 
or mana^ the water of any part of the Territory in disregard of the rights 
of individual claimants. 

Monroe v. Ivie, 2 Utah, 535. 
Where several parties who had appropriated water from the same stream at dif- 
ferent times and in different amounts entered into a contract to construct 
a new ditch, their several interests in the water to be carried in such 
ditch must, in the absence of any direct agreement, remain the same as 
prior to such contract and construction of such ditch, both as to the 
quantity to which each was entitled and as to the date his rights at- 
tached. 

Rominger v. Squires, 9 Colo., 327. 
The use of water for mining purposes is one of the uses recognized and protected 
by the laws, both of the State and Federal Governments, and while an 
appropriator of the water of a natural stream is entitled to have such 
water flow down to him undiminished in quantity, any deterioration in 
quality occasioned by the use of it above for mining purposes must be an 
injury without consequent damages. 

Bear River W. Co. v. New York Mg. Co., 8 Cal., 327. 

A.ppropriator's right co-eztensive vrith his ditch. 

The right to have water flow into a ditch is co-extensive with the ditch it«elf} 
and when a water-ditch extends into two or more counties an action for 
damages caused by acts preventing the water from flowing in to the ditch, 
and for an injunction to prevent such acts may be brought in any county 
into which the ditch extends. Although the act complained of occurred 
at the head of the ditch, it was injurious to the whole length thereof. 

Lower Kings R. D. Co. t>. Lower Kings R. & F. Co., 60 Cal., 408. 
Appropriator^s rights in water in a natural stream usufructuary. 

An appropriator of water so long as such water continues to flow in its natural 
course acquires no specific property in the water itself. His rights, like 
those of a riparian owner, are strictly usufructuary. 
Eddy V. Simpson, 3 Cal., 249; Kidd v. Laird, 15 Cal., 161; McDonald «. 
Askew, 29 Cal., 200 ; Alder Gulch Con. Mg. Co. v Hayes, 6 Mont., 31. 
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Appropriator, right to remove obstructions. 

An appropriator of the waters of a natural stream flowing through puhlic lands 
has a right, as against subsequent purchasers from the United States^ to 
go upon the land of such purchaser higher up the stream than the point 
of diversion and remove obstructions from the bed of the stream, so as 
to cause its waters to flow in their natural i^hannel to the point of diver- 
sion. 
Ware v. Walker, 70 CaL, 591. 

Appropriators tenants in common, 

Where different persons separately appropriate the waters of a stream «nd are 
severally using the same under certain regulations as to the time and 
manner of such use they are tenants in common, and each of them may 
maintain an action to enjoin a tresspasser from diverting any portion of 
the water thus appropriated. 
Lytle Creek Water Co. v. Perdew, 65 CaL, 447. 

Appurtenance. 

See Water-right. 

Covenant vrhicli runs with land. 

A covenant between two adjoining land'owners to appropriate and convey the 
waters of a stream into a reservoir for their joiiU^ use runs with the land, 
and the successor of one on whose land the reservoir is situated can not, 
by changing the point of diversion, claim all the water. 
Weill V, Baldwin, 64 Cal., 476. 

Customs, local, must be proved. 

4 See Practice.' 

Dam, appropriation by means of. 

When one appropriates water by means of a dam and ditch sufficient for the pur- 
pose m the natnral condition of the stream as it then existed, he may not 
afterwards raise his dam higher to obviate obstructions to its use occa- 
sioned by physical changes in the stream, whether natural or artificial, 
if such action on his part would work an injury to subsequent appropri- 
' ators who were not responsible for the changes in the stream. 

Nevada Water Co. v. Powell, 34 Cal., 109. 

Dam, duty of owner. 

The owner of a dam is bound to see to his property, and to so govern and con- 
trol it that injury may not result to his neighbors. 
Fraler v. Sears Union Water Co., 12 Cal., 555. 

Dam, harmless vrhen erected, may not be abated. 

A dam erected on a stream in a manner nowise injurious or prejudicial at the 
time of its erection to rights of others on the same stream, but which, by 
reason of circumstances that could not have been anticipated, happening 
subsequently and operating in connection with it, does cause injury to 
others, is not such an obstruction as to authorize its abatement or justify 
a recovery of damages against the person so building the dam for injury 
thus occasioned. 
Proctor V. Jennings, 6 Nev., 83. 

Damages, actual, not necessary to an equitable relief against vrrongful diver- 
sion of vrater. 
Equitable relief will be granted for a wrongful diversion of water, even though 
no actual damage is shown. Every violation of a right imports damage, 
and this principle is applied whenever the act done is of such a nature 
as that by its repetition or continuance it may become the foundation of 
an adverse right. 
Barnes v, Sabron, 10 Nov., 217. 

Damages, vrhen actual, necessary to justify an action. 
See Injury; not always necessary to justify an action. 

Damage by breaking of dam or ditch. 

^e Negligence. ' . 
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Damages from ravine adopted as part of a ditch, vrho responsiblb for. 

One who a<lopt8 a uatural water-courso as a part of his ditch does so to the ex- 
tent of tlio capacity of his ditch, and he is liable for injuries to lands 
resnlting from an overflow of that water-course cansed by his failnre to 
. have it properly cleared of obstructions or of his turning into it a quan- 
tity of water which, added to the natural waters flowing therein, ex- 
ceeded its carrying capacity. 
Richardson v. Kier, 34 Cal., 63; Richardson v. Kier, 34 Cal., 263. 

Damages, liability of corporation to stockholders. 

Where several persons owning a ditch and water right form a corporation, the 
express object of which is to own, keep in repair, and enlarge sucli ditch, 
and to control and divide the use of said water for the l>enefit of the sev- 
eral stockholdera in accordance with their interests in the stock of said 
corporation, that corporation is bound to discharge the duties prescribed 
in the certificate of incorporation, and for any failure or neglect to dis- 
charge these duties it would be liable to any stockholder who is ii^ured 
thereby to the extent of his damages. 

O'Connor v. North Truckee Ditch Co., 17 Nov., 24.5. 

Damages, vrhen ditch-owner liable for. 

A ditch-owner would be liable for an injury cansed wantonly or by gross negli- 
gence ; but he is not liable for a mere accidental injury, where no negli- 
gence is shown, to a miner locating along the line of such dilch subse- 
quently to the construction thereof, neither party claiming ownership of 
the soil. 
Tenney r. Miners' Ditch Co., 7 Cal., 335. 

Damages, vrhen prior appropriator entitled to recover. 

A prior appropriator ofwater is entitled to recover damages for injuries caused by 
the acts of subsequent appropriators on the stream above in erecting 
dams or other obstructions, by which the regularity of the flow of water 
is so disturbed as to cause actual injury, or in diverting the water to 
the use of which he is entitled. 
Coker v. Simpson, 7 Cal., :J40; Phcenix Water Co. v. Fletcher, 23 Cal., 481 ; 
Natoma Water and Mg. Co. r. McCoy, 2:J Cal., 490. 

Deed, construction of. 

A deed which conveys a certain tract of land, and also the prior right to the use 
of a part of the water of a stream flowing through said land, mnqt be 
construed as conveying a right to water over and above that of a mere 
riparian owner.. 
Dalton V, Bowker, 8 Nev., 190. 

Diligence in perfecting appropriation. 

In determining whether the work necessary to the appropriation of water has 
been pro8ecuf>ed with diligence, it is proper to take into consideration the 
circumstances surrounding the parties which would afl^ct any person who 
might be engaged in the same undertaking, such as the nature and climate 
of the country, the condition of the weather, and the difflculties of pro- 
curing labor and materials. 
Kimball v. Gearhart, 12 Cal., 27 ; Ophir 8. M. Co. v. Carpenter, 4 Nev., 534. 
In determining whether diligence has been exercised in prosecuting the work for 
the appropriation of water, matters incident to the enterprise, and not 
those Incident to the person, such as the illness of the appropriator or his 
lack of pecuniary means to prosecute the work, are to oe considered in 
excuse for great delay. 
Ophir S. M. Co. v. Carpenter, 4 Nev., 534 ; Keeney v, Carillo, 2 N. M., 480. 

Distribution of water for public use. 

See Ditch-owners are public carriers. 
Ditch, authority of court of equity over. 

If one own a ditch, and right of way for same, a court of equity has no authority 
by its judgment to allow the ditch to be washed away for mining pur- 
poses, even after providing that such portion of the ditch as might be 
destroyed should be replaced by a metal pipe or flume which would 
answer all purposes of the ditch. The court should not lioemie a trespass 
on such property, or compel the owner thereof to exchange the same for 
other jjropcrty for the convenience of a private person, 
Gregory v. Nelson, 41 Cal,, 278. igi^i.^d by GoOg Ic 
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Ditch capacity, how proved. 

The carrying capacity of a ditch is a question of fact, which does not require 
for its proof unusual scientific attainments or peculiar skill. Men who 
have acquired a knowledge upon such subjects from experience in min- 
ing and in measuring and selling water to miners as non-experts are as 
competent as experts to testify to the fact. 
Frey v. Lowden, 70 Cal., 550. 

Ditch, conveyance of. 

See Right of way, conveyance of, water-right, when an appurtenance. 

Ditch, enlargement of. 

If one is entitled to all the waters of a stream at the point where his ditch starts 
out, the capacity of that ditch or its enlargement is of no moment to 
others having ditches on the stream. 
James v. Williams, 31 Cal., 211. 

Ditch, character of, as an excavation not changed by flumes at different points. 
Flumes constructed at different parts of the line of a ditch can not change the 
general character of the work as an excavation ; such flumes are merely 
connecting links and a part of the ditch. A statute giving a lien for 
lahor bestowed or material furnished upon buildings, wharves, or other 
superstructures does not include ditches. Equity raises no lien in regard 
to real estate, except that of a vendor for purchase money. 
Ellison r. Jackson Water Co., 12 Cal., 542 ; Horn v. Jones, 28 Cal., 194. 

Ditches, liability of o^mex for damages from. 

See Negligence. 

Ditch-owners and miners, relative rights. ^ 

The two rights to work the mines and to divert the water of steams from the 
natural channels stand upon an equal footing, and when they conflict 
they must be decided by the fact of priority upon the maxim of equity, 
Qui prior est in tempore^ potior est injure, 
Irwin V. Phillips, 5 Cal., 140 ; Wixon t?. Bear River «fe Auburn W. «fe M. Co., 
24 Cal., 367 ; Levaroni r. Miller, 34 Cal., 231. 
The owner of a mining claim and the owner of a ditch or waler-right stand 
upon the same footing ; that is, their respective rights attach from the 
date of appropriation, the first in time being the first in right; but 
where both rights can be enjoyed without interference with or material 
impairment of each other, the enjoyment of both is allowed. 
Jennison v. Kirk, 98 U. S., 453 j Hill 'v. Smith, 27 Cal., 476 ; Clark v. Willett, 
35 Cal., 534. 

Ditch-owners are public carriers. 

Owners of ditches or canals, as such, are carriers and quasi-public servants. 
They are awarded certain privileges, and are charged with certain duties 
and subject to reasonable control. 
Price V. Riverside L. & I. Co., 56 Cal., 431 ; McCrary v. Beaudry, 67 Cal., 
120; Wheeler v. Northern Colo. Irr. Co., 10 Colo., 582. 

Ditch-ovT-ners as carriers, duties of. 

Ditch-owners, as such, are carriers, and must furnish water at the established 
rate (the county commissioners being empowered to fix a maximum rate) 
to the class of persons using it in the manner named in the articles of 
incorporation. 
Golden Canal Co. v. Bright, 8 Colo., 144; Wheeler r. Northern Colo. Irr. Co., 
10 Colo., 582. 

Ditch, tight of way for. 

See Easement, Right of way. 
Ditch, vT-ater-rights co-eztensive with. 

See Appropriator^s right. 
Ditch, repairs of, liability for. 

See Estoppel. 

Ditch, value of, how proved. 

The ordinary way of proving the value of a ditch is by showing its capacity, the 
value of the water in its vicinity, and the probable duration of the de- 
mand. 
Clark V. WiUett, 35 CaL, 534. 
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Diversion of water from resenroir will be enjoined, when. 

' One who constructs on the public lands a reservoir to collect and store, for the 
purposes of irrigation, the water flowing down a ravine, acquires a 
vested right of property in the reservoir and water, of whicn he can not 
be divested for mining or other private purposes, and a court of equity 
will eigoin miners from injuring the reservoir or diverting the water 
therefrom. 
Rupley V. Welch, 23 Cal., 452. 

Diversion of water illegal, may be prevented. 

One attempting to illegally divert water belonging to another may be ejected 
from the possession of ground occupied by him for completing such illegal 
diversion, and can not complain of the means taken to defeat his object. 
Butte Table Mountain Co. v. Morgan, 19 Cal., 609. 

Diversion of water, liability for. 

One who diverts the water of a natural water-course, that was accnstomed to 
flow through the land of another, and that other thereby suffers injury, 
is liable to damages for the injury thus inflicted. 
Ellis V. Tone, 58 Cal., 289. 
In an action for diversion of water, the defendant is not liable for damages to 
another appropriator from the same stream resulting from a deficiency of 
the water supply, unless he was diverting from the stream moro water 
than he was entitled to at the precise time the deficiency complained of 
existed. 
Brown ». Smith, 10 Cal., 508. 

Diversion of water, pleading in action for. 

In an action |br diversion of water, the fact that the diversion was accomplished 
by one means or another is not important enough to require several 
counts setting forth the differont moaes of diversion. 
Gale r. Tuolumne Water Co., 14 Cal., 25. 

Diversion, right ot 
See Appropriation. 

Diversion, right of, as affected by recital in deed. 

See Estoppel. 
Diversion, riparian owner's right of. 

See Riparian rights. 

Diversion, snfScient allegation in complaint for. 

The allegation, in a complaint for the diversion of water, that the plaintiff was 
entitled by virtue of prior appropriation to all the water flowing in the 
stream at the head of his ditch, entitles him to prove a diversion of 
water from smaller branches of the stroam supplying water to that 
point. 
Priest V. Union Canal Co., 6 Cal., 170. 

Diversion of water, wrongful, may be restrained. 

Equity will restrain the continuous wrongftil diversion of water at the instance 
of a prior appropriator thereof, although no actual damages are averred 
or proved. Equitable relief is granted in such cases to provent wrong- 
ful acts from ripening into a right. 
Moore v. Clear Lake Water Works, 68 Cal., 146. 

Basement for flow of water. 

The rule that the owner of a tract of land has an easement in a lower adjacent 
tract to the extent of burdening it with the water naturally flowmg to 
it from the upper tract applies only to waters naturally so flowing, and 
the servitude of the lower tract can not be made moro burdensome by 
the acts or industry of man. 
Ogbum V. Connor, 46 Cal., 346; Boynton v, Longley, 19 Nov., 69. 

Basement for irrigating parix>se8. 

All lauds in this Territory are held in subordination to the dominant right of 
others who must necessarily pass over them to obtain a supply of water 
to irrigate their lands. It is not, therofore, necessary that thero should 
be a conveyance in writing to establish an easement for right of way for 
a ditch. 
Ynnker v. Nichols, 1 Colo., 551. - 
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Basement, grant of right of way for a ditch. 

A grant of the right to all the water in a stream, and of the right to enter on 
the land of the grantor and construct and maintain all dams, ditches, 
pipes, or flnmes necessary and proper for conveying such water over 
said land to the place of its use, vests in the grantee the right to con- 
vey said water at different times and places, or to change or enlarge his 
ditch, and to nse it in any manner he pleases, if the grantor is not injured 
hy such use. 
Spear t>. Cook, 8 Ore., 380. 

Easement on public lands. 

See Statutes, act of July 26, 1866, Appropriator, right to remove ohstruotions. 
Easement, right of way for ditch. 

A grant of the right of way for a ditch over a tract of land is an easement only,^ 
and is not a grant of the land or water flowing over it. When an 
easement is granted, nothing passes as an incident to sueh grant but 
what is necessary for its reasonable and proper enjoyment. 
Miller t?. Vaughn, 8 Ore., 333. 

Easement^ right of "way imder act of July 26, 1866. 

To one who had, prior to the passage of the act of July 26, 1866, constructed 
a ditch over public land and had acquired a right to the water carried 
therein, recognized by the local customs, laws, and decisions of the 
courts, that act operated as a grant of the right of way, and of the 
ditch through which the water was running at the date thereof. 
Broder ». Natoma Water Co., 101 U. S., 274; Broder v, Natoma Water Co., 
50 Cal., 621. 

Eminent domain. 

Statutes conferring the power to condemn private property to the use of another 
without the consent of the owner are in derogation of the common law 
and must be strictly construed. 

San Francisdo and Alameda W. Co. v. Alameda W. Co., 36 Cal., 639. 
The supplying of the inhabitants of a town with pure, fresh water is a public 
use, in behalf of which a corporation is authorized to exercise the right 
of eminent domain. The right of an individual to enjoy the flow of 
water in its natural channel upon or along his land may, under the laws 
of this State, be condemned for public use. 

Heyneman v. Blake, 19 Cal., 579 ; St. Helena Water Co. v. Forbes, 62 Cal., 182 ; 
Spring Valley W. Works v. San Mateo W. Works, 64 Cal., 123; Lux v, 
Haggin,69Cal.,255. 

The right of eminent domain is restricted to the taking of private property 
for public use. It can not be exercised in favor of the owners of mining 
claims, to enable them to obtain water for their own use in working such 
claims, though the intention may also be to supply the water to others 
for mining and irrigating purposes. 

Lorenz v. Jacob, 6:J Cal., 73. 
To authorize the condemnation of private property there must be a real neces- 
sity ; the mere fact that it would be convenient and profitable to the cor- 
poration to acquire the property would not justify the exercise of the 
right of eminent domain. 

Spring Valley W. Works v, San Mateo W. Works, 54 Cal., 123. 
The proprietor of an irrigating ditch has a property ownership both in the ditch 
and the right of way therefor, which can not be taken or damaged for 
public use, except upon payment of just compensation. 

Tripp V. Overocker, 7 Colo., 72. 

Estoppel. 

One having a right by prior appropriation to the use of the waters of a stream, 
who stands by and allows another to purchase from a third party wrong- 
folly claiming to have the right to said water, without asserting or mak- 
ing known his claim, is estopped from afterwards asserting that claim. 
Fabian v, Collins, 3 Mont., 215. 
If a prior appropriator of the water of a stream stood by and saw another appro- 
priate the water of that stream at great expense, under the mistaken 
idea that he was thereby acquiring a prior right thereto, and did not in- 
form him of the mistake, he, the prior appropriator, and his vendors are 
estopped from afterwards claiming such water. 
Parke v. Kilham, 8 Cal., 78. 
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Estoppel— Continned. 

The facto that a diteh was cooBtmeted at heavy cost and was maiiitained and 
nsed with the knowledge of the tnie owners, and without any objection 
or opposition on their part, are not sufficient to operate an estoppeL 
There must be some degree of turpitude in the conduct of a party before 
a court of equity will estop him uom the assertion of his title. 
Biddle Boggs v. Merced Mg. Co., 14 CaL, 279; Anaheim Water Co. v. Semi- 
TropicWater Co^ 64 CiJ., 185 ; Stockman v, Biverside li. and I. Co., 64 
Cal., 57; Lux v. Haggin, 69 Cal., 255. 

Estoppel, recital in deed. 

A recital in a deed to the effect that the grantee is about to divert the waters of 
a certain stream (which flowed through the grantor's land), and to ap- 
propriate the same, followed by a grant of the right of ^ay td conduct 
water over the land of the grantor, does not estop said grantor from 
denying the right of the grantee to divert the waters of said stream. 
Zimmler, adm'r, v, San Luis Water Co., 57 Cal., 221. 

Estoppel, use of water, notice. 

One who acquires a right to the use of a part of the water of a ditch, not to ex- 
ceed a certain definite amount, upon condition of paying his j^ro rata 
share of the needed repairs, has the option of using whatever amount he 
may desire within the fixed limit and he will not be held liable beyond 
the proportion so used ; if, however, he gives notice that he will require 
a certain amount, he will be bound by such notice, and estopped from 
showing that he did not need or use that amount. 
Brown v. Evans, 18 Nov., 141. 

Flumes do not change general character of a ditch. 
See Ditch, character of^ not changed by flumes. 

Foreign water. 

See Water-course, natural, may be utilized. 

Government, right of, as riparian cwner. 

See Riparian rights, Gk>vemment as owner. 

Indian, appropriation by. 

See Appropriation, Indian nday acquire right by. 

Injunction, decree construed. 

A decree which forbids interference with the waters of a creek which rise above 
a certain dam does not prohibit the use and enjoyment of the waters which 
may remain and flow down after the ditch df the complaining party has 
been supplied, but simply prevents interference with the water above the 
dam or the amount necessary to fill such ditch. 

American Co. v, Bradford, 27 Cal., 360. 

Injunction, jurisdiction of superior courts. 

The superior courts in California have jurisdiction to grant a preliminary injunc- 
tion restraining an alleged trespasser from diverting the waters of a stream 
during litigation and to require him to remove the means by which the 
diversion is made. 
Johnson v. Superior Court, 65 Cal., 567. 

Injunction granted to prevent acts injurious to a water right. 

An appropriator of water is entitled to protection against acts which materially 
cUminish the quantity of water to which he is entitled or deteriorate its 
quality for use to which he desires to apply it. Equity affords the appro- 
priate remedy, by way of an injunction, for such wrongs. 
Cole Silver Mg. Co. v. Virginia Gold Hill W. Co., 1 Saw., 470 ; Tuolumne 
Water Co. v. Chapman, 8 Cal., 392; Ruplur v- Welch, 23 Cal., 452; 
Phoenix Water Co. v, Fletcher^ 23 Cal., 481 ; Moore v. Clear Lake Water 
Works, 68 Cal., 146 ; Lake v. Tolles, 8 Nev., 285 ; Barnes v. Sabron, 10 Nov., 
217 ; Harris v. Shontz, 1 Mont., 212 ; Gallagher v. Basey, 1 Mont., 457 ; 
Barkley v, Tieleke, 2 Mont., 59; Fabian r. Collins, 3 Mont., 215; Schill- 
ing v. Rominger,4 Colo., 100; Keeney t7. Carillo,2 N. M., 480; Crane v. 
Winsor, 2 Utah, 248. 
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Injanction the proper remedy for injury to a riparian right. 

Equity, by way of injunction, affords to a riparian proprietor the proper remedy 
against the wrongful diversion or obstruction of the waters of a natural 

Lux V, Haggin, 6d Cal., 255 ; Shively v. Hume, 10 Ore., 76 ; Weiss v, Oregon 
Iron and Steel Co., 10 Ore., 496. 

Ir^unction, when issued to protect -water rights. 

Where it is shown that the injury to a water right is continuing or likely to be 
continued, a judgment lor damages may be sustained^ but an injunction 
should not issue. 
Coker v, Siihpson, 7 Cal., 340. 

Injunctioii, when, will be granted to prevent injury to a water right. 

Whether a court of equity will interfere to restrain aces claimed to be injurious 
to the rights of a prior appropriator of water will depend upon the 
character and extent of the injury alleged, whether it be irremediable 
in its nature, whether an action at law would afford an adequate remedy, 
whether the parties are able to respond for the damages resulting from 
the injury, and other considerations which ordinarily govern a court of 
equity in the exercise of its preventive process of injunction. 
Atichison t?. Peterson, 20 Wall., 507. 

Injury not always necessary to justify an action. 

There may be an invasion of a right which will justify an action although actual 
damage is not shown. But a distinction must be taken between those 
uses of water which are the exercise of the riparian proprietor's natural 
rights and those which are not ; in the former case actual damage must 
be shown, but need not be in the latter. 
Union M. & M. Coinpany v, Dangberg, 2 Saw., 450. 

Injury to joint property. 

If one of two joint owners of a flume used for mining purposes consents to or di- 
rects the cutting of a water ditch above the flume, whereby the water 
from the ditch flows over and injures the flume, the parties thus opening 
the ditch, in compliance with the request of one of the joint owners of 
the injured property, can not be held liable fop-the injuries that followed. 
Crary v, Campbell, 24 Cal., 634. 

Injury to "water used for mining. 

Where a large number of persons are mining on a small stream and each dete- 
riorates the water a little, so that the combined acts of all render the 
water unfit for use, each of such persons <j»an not successfully defend an 
action on the ground that his act alone did not materially affect the 
\irater 
Hill V. Smith, 32 Cal., 166. 

Injury, "who liable for. 

Where two or more parties act, each for himself, in producing a result injurious 
to another, they (jan not be held jointly lial^le for the acts of each other. 
Blaisdell v. Stephens, 14 Nev., 17. 

Invasion of water right, remedy for. 

See Injunction granted to prevent acts injurious to a water right. 
Irrigation. 

See Eminent domain, riparian rights, use for street sprinkling. 
Joint UabiUty. 

See Injury, who liable for. 
Joint property, liability for injury to. 

See Injury to joint property. 
Jurisdiction of suit for injury to water right. 

See Ditch, water right co-extensive with. 
Land, oondenination of, for ditch purposes. 

See Eminent domain. 
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Land, covenant wMoh runs ^PTltli. 
^00 CoveDaut which rans with land. 

Iiand, poMeasion anflloient for maintenanoe of aotkm for Ipjnry thereto. 

See Poflseasion. 

Liability of oorporation to atookholdera. 

S«e Damages, liability of eoiporation to stookholdeia. 

Limitationa, atatnte of. 

The statute of limitationB does not oommenoe to ran with regard to lands held 
ander a Mexican or Spanish grant until the final confirmation thereof by 
the Goyernment of the United States. 
RiohardsoD v. Williamson, 24 Cal.. 289 ; Reed v. Spicer, 27 Cal., 57 ; Anderson 
V. Fisk, 36 Cal., 625. ^^ 

Limitationa, atatnte of, effect on action for diversion of water. 

Actions for diversion of water mnst be brought within the period prescribed by 
the statute of limitations after the date the cause of action accrued. 
The continuance of the wrongful diversion is a new cause of action or a 
new nuisance. 
Toombs V, Horabuckle, 3 Mont., 193. 
An adverse, exclusive, and uninterrupted use and ei^oyment by one person and 
« those under whom he claims of all the water of a creek taken therefrom 
by means of a ditch and conveyed to certain mining grounds for mining 
purposes for twelve years, or for anv period beyond that of the statute of 
limitations prescribing the time of entry shall be made upon real prop- 
erty, will bar the owner of the land through which the creek runs of his 
riparian rights; but where the ditch was constructed in which he re- 
served the right to use the water a part af each year for his own purposes 
such adverse use by grantees from the original appropriator can not be 
established unless it is shown that the use of the water by them has been 
in hostility to the use of it by the owner under such reservation. 
Huston t7. By bee, Ore., Lawyer's Reports, 1889, II, 568. 

Maintenanoe of ditch, extent of liability for. 
See Estoppel, Use of water. Notice. 

Minera and agricnlturiata, relatiTe righta. 

Where the titles of two parties to public mineral land rest on possession alone — 
one using it for mining and the other for agricultural purposes — the older 
possession, as between the two, gives the better right.. In the use of their 
lands they are to be governed by the common-law rule applicable to ad- 
joining land-owners, expressed in the maxim. Sic uiere tuo uialiemum non 
Uedas. 
Wixon V. Bear River & Auburn W. & Mg. Co., 24 Cal., 367; Gibson v. 
Puchta, 33 Cal., 310. 

Miners' rights. 

Miners have no right to enter upon private land and subject it to such uses as 
may be necessary to extract the precious metals which it ma^ contain. 
These operations are calculated to destroy the entire value of the land, 
and will be restrained by injunction. 
BoggB V, Merced Mining Co., 14 Cal., 279; Henshaw v. Clark, 14 Cal., 461. 

hOners' rights, injury to. 

See Ii^nry to water used for mining. 

Miners* rights not superior to those of other appropriatora. 

The rights of miners and persons owning ditches construct^ for mining purposes 
are not necessarily paramount to other rights and interests of a different 
character, but their superiority must rest upon priority in acquisition. 
One who appropriates for mining purposes the waters of a stream mnst 
take and use the same in such manner as not to iigure the property 
rights of others acquired prior to the time the water was thus appropri- 

Wixon V. B. R. and A. W. & M. Co., 24 Cal., 367; Hill «. Smith, 27 Cal., 476; 
Levaroni r. Miller, 34 Cal., 231. r^ ] 
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MiDors' rights to vratef of a stream. 

The true rale goyeming the rights of several miners located on the same stream 
is that each is entitled to use in a proper and reasonahle mannor both 
the channel of the stream and the water flowing therein, and where, from 
the situation of the claims, the natural- and necessary consequence of tiie 
working of some will result in injury to others it will be damnum absque 
injuria, and will furnish no cause of action to the party injured. 
Esmond v. Chew, 15 Cal., 137. 
See Appropriation, rights acquired by. 

Miners' rights, rule goveming. 

Miners who have located claims on the side of a hill subsequently to the location 
of others in the bed of a stream in the vicinity must so use and work their 
claims as not to injure those of the prior locators. 
Logan V, Driscoll, 19 Cal., 623. 

Navigable stream defined. 

Where a stream is naturally of sufficient size to float mill-logs, timber, and small 
boats, the public have a right to its free use for that purpose ; nor is it 
essential that such capacity continue through the year. 
Shaw V. Oswego Iron Co., 10 Ore., 371. 

Negligenoe, liability for, in construction of dam or ditch. 

One who constructs a dam or ditch for the purpose of appropriating water is 
bound to exercise in the construction and management thereof that de- 
gree of care and prudence which men generally, or ordinarily prudent 
men, use in like instances when the whole risk is their own. Both the 
degree and fact of prudence must depend upon the i»articular circum- 
Htan cefl 
Hoffman u. Tuolumne County W. Co., 10 Cal., 412; Wolf v, St. Louis Inde- 
pendent Water Co., 10 Cal., 541; Fraler v. Sears Union Water Co., 12 
Cal., 555; Burbank v. W. Walker River Ditch Co., 13 Nev., 431 ; Turner 
V, TuolunSne County W. Co., 25 Cal., 398 ; Richardson v. Kier, .34 Cal., 63; 
Campbell v. B. R. & A. W. & M. Co., 35 Cal., 679. 

Notice of appropriation. 

An appropriator of water who, after duly posting a notice of his^intention to take 
the water and while prosecuting the work for perfecting such appropria- 
tion, posts a second notice of intention to take the same water, does not 
thereby abandon his claim under the first notice. Notices of intention 
to appropriate water are to be liberally construed. 
Osgood V. El Dorado Co., 56 Cal., 571. 

Notice of appropriation. 

The notice of intention to appropriate, in order to cai^ such appropriation to 
relate to the date of the notice, must be sufficient to put a prudent man 
on inquiry. 
Kimball v. Grearhart, 12 Cal., 27 ; Robinson v. Imperial Silver Mg. Co., 5 
Nov., 44. 

Notice of nuisance, when necessary. 

A party who continues a nuisance, but is not the original creator of it, is entitled 
to notice that it is a nuisance, and a request must be made that it may 
be abated before an action will lie for that purpose, unless it appear that 
he had knowledge of its hurtful character ; when the extent of the nui- 
sance was increased by such party the rule is otherwise. 
Grigsby v. Clear Lake W. Co., 40 Cal., 396. 

Notice, vrhat, necessary. 

The inclosure of ground is not necessary to give notice of appropriation of public 
land for a canal or ditch. 
Conger v. Weaver, 6 Cal., 548. 

Nuisance, diversion of vT-ater. 
Set*. Action for diversion of water. 

The diversion of a water-course or of water from one rightfully entitled to the 
use thereof is a private nuisance. 
Parke v.Kilham, 8 Cal., 77; Tuolumne Water Co. v. Chapman, 8 Cal.. 392. 
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XTuisanoey pollution of water. 

The owners of a watw ditch are entitled to have the water flow therein in its 
natural state when they elaim snch water by appropriation, and its 
pollution by a stran^r is a private nuisance. 
. Crane v. Winsor, 2 Utah, 246. 
llTuiaanoe, parties defendant. 

Where several parties owning mines at different points on the same stream or its 
tributaries discharge the debris fVom said mines into the stream, by whicli 
it is carried down and deposited on the lands of another, said miners may 
all be properly made parties defendant in a suit t-o enjoin such action. 
The Mining D6bris Case, 8 Saw., 628. 
Nuisance, public, a private person may maintain an action against. 

A private person may maintain an action against a public nuisance if it is speo- 
iaUy injurious to himself or his proiierty. 
The Mining Debris Case, 9 Saw., 441 ; Blanc v. Klnrapke, 29 Cal., 156; Grigs- 
by V. Clear Lake Water Co., 40 Cal., '396, 
Nuisance, when notice before action to abate necessary. 

See Notice of nuisance, when necessary. 
Nuisance, who may sue to enjoin. 

One tenant in common of land injnred by a public and private nuisance may sne 
to enjoin the nuisance without making his co-tenant a party to snob suit 
either as complainant or defendant. 
The Mining D^bns Case, 8 Saw., 628. 
Obstruction, right of approprlator to remove. 

See Appropriator, right to remove obstruction. 
Obstruction, right of riparian proprietor to place, in the stream. 

See Riparian rights. 
Overflow of land, prescriptive right. 

See Easement for flow of water. 
O^^ner of ditch, public carrier. 

See Ditch-owners as carriers, dutios of. 
Parties, proper in action for diversion. 

Tbe several appropriators of the water of a stream have not that community of 
interest that would qualify them to maintain a joint action for tbe diver- 
sion of the water and for a settlement of the various rights of such appro- 
priators. 
Schultz ». Winter, 7 Nov., 130. 
Parties, v^ho necessary, in suits concerning ^^ater rights. 

In an action to determine the relative rights of parties to the use of the water of 
a stream, those persons above who have diverted water from said stream 
and returned it undiminished in quantity before it reaches the party 
claiming to be injured are not necessary parties to such suit. 
Smith V. Logan, 18 Nev., 149. 
Partition of ^vater. 

Water flowing in a ditch is not susceptible of division, and where such property 
is held by tenants in common, the only partition the courts can make is 
to order a sale and a distribution of the proceeds. 
McGillivray v, Evans, 27 Cal., 92 ; Lorenz v. Jacobs, 59 Cal., 262. 
Partners, conveyance by one does not affect the interests of the other. 

One of two parties who appropriate water by means of a ditch can convey only 
his interest therein ; he can not by his conveyance affect the interest of 
the other in the water nor his right to the use of the ditch for the flow of 
the water to which he is entitled. 
Henderson v. Nichols, 67 Cal., 152.- 
Percolating water. 

Percolating water, or water passing through fhe soil in any manner other than 
in a well-defined channel, cannot be distingnished from the estate itself, 
and the owner of the soil may use it as ne may desire, free from any 
usufructuary rights of others. 
Hanson v. McCue, 42 Cal., 303; Huston v. Leach, 53 Cal., 262; Cross u. Kitts, 
69 Cal., 217; Mosier v, Caldwell, 7 Nov., 363; Strait v. Brown, 16 Nev., 
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Percolating vrater. 

When it does not appear that a sprinj; is fed by B,nf defined flowing stream, it 
must be presumed that it is formed by the ordinary percolations of water 
in the soil. 
Hanson v. McCue, 42 Cal., 303. 
Personal property, vT-hen vrater becomes. 

Water, when ooUected in reservoirs or pipes, and thus separated from the original 
source of supply, is personal proj^erty, and is as much the subject of sale 
as ordinary goods and merchandise. 
Heyneman v. Blake, 19 Cal., 579. 
Place of use. 

The right to water acquired by prior appropriation is not in any way dependent 
upon the loom of its application to the beneficial use designed or to the 
particular use to which it was first applied. 
Atchison v. Peterson, 20 Wall., 507 ; Maoris v. Bicknell, 7 Cal., 261 ; McDonald 
r.B.E. & A.W.& Mg. Co., 13 Cal., 220; Davis v. Gale, 32 Cal., 26;. 
Coflau t). Left Hand Ditch Co., 6 Colo., 443 ; Thomas v. Guiraud, 6 Colo., 
530 ; Woolman v. Garringer, 1 Mont., 535. 
Point of diversion. 

One entitled to divert a quantity of water from a stream may take the same at 
any point on the stream, and may change the point of diversion if the 
"rights of others be not iiyuriously aflfected by the change. 
Kiddv. Laird, 15 Cal., 161; Butt^ Table Mg. Co. t?. Morgan, 19 Cal., 609; 
Junks^ns v. Bergin, 67 Cal., 267 ; Sieber v. Frink, 7 Colo., 148 ; Hobart v. 
Wicks, 15 Nov., 418. 
One entitled to divert a quantity of water from a stream can not change the 
point of diversion, if by such change the rights of other appropriators be 
injuriously afibcted. 
Butte Table Mg. Co. v. Morgan, 19 Cal., 609 ; Nevada Water Co. v. Powell, 34. 
Cal., 109 ; Columbia Mg. Co. t-. Holter, 1 Mont., 296. 
One having acquired a right to divert water, whether by express grant or by 
prescription, whether such right rests in the parole license or the pre- 
sumed consent of the proprietor, ma^ change the point of diversion at 
pleasure, if the rights of others are not injuriously affected by such chansre. 
The difference as to the manner in which such a right was acquired re- 
lates to the mode of determining the existence and extent of the right, 
and not to the manner of its exercise and enjoyment. 
Kidd V, Laird, 15 Cal., 161. 
Pollution of vrater a nnissmce. 

See Nuisance, pollution of water. 
Possession sufScient to maintain action fgr injury to land. 

The rightful x)osse8sion of land is sufficient to enable one to maintain an action 
for an interruption to that possession or for any injury to th© propei'ty. 
Crandall v. Woods, 8 CaL, 136 ; McDonald v, B. R. & A. W. «fe M. Co., 13 Cal., 
220 ; Norris v, Glenn, 1 Idaho, 590 ; Simpson v. Williams, 18 Nov., 432. 
PciTv^ers of water commissioners. 

See Water commissioners. 
Practice, distinct causes of action. 

An entry upon and ouster from a dam-site and dam in process of construction and 
a canal-site, and canal in process of construction, and a diversion of the 
water claimed by means of the dam and canal, are two distinct causes 
of action, which can not be united in the same statement of cause of 
action in a complaint, but should be separately stated. 
N. C. & S. Canal Co. v. Kidd, 37 CaL, 282. 
Practice, local customs must be proven. 

Courts will not take judicial notice of local customs. One who alleges the ex- 
istence of a right to water appropriated under a local custom, such as is 
recognized by the act of July 26, 1866, must prove the existence of such 
custom. 
Lewis V, McClure, 8 Ore., 273. 

Prescription. 

A right to the use of water may be acquired by an exclusive and uninterrupted 
enjoyment of the water in a particular way for a period corresponding 
to the time fixed by statute of limitations as a bar to an entry on land. 
Crandall v. Woods, 8 Cal., 136 ; Union Water Co. v. Crary, 25 Cal.^ 504 ; Amer- 
ican Co. V, Bradford, 27 Cal., 360 ; Los Angeles v, Baldwin, 53 Cal., 469* 
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Presoriptlon — Continaed. 

One who was allowed, at a time when there was sufficient water in the stream to 
supply the wants and demands of all parties, to dirert and use water 
witnout objection by a riparian owner or former appropriator, bat whose 
use and diversion were objected to wh^ithe water became scarce and the 
supply insufficient for all; does not by snch use acquire a prescriptive 
right to such water. 
Feliz V. City of Los Angeles, 58 Cal., 73; Anaheim Water Co. v. Semi-Tropio 
Water Co., 64 CaL,l85. 
No right by prescription can be acquired as against the €k>vemment. 

union Bl & M. Co. v. Ferris, 2 Saw., 176 ; Mathew «. Ferrea, 45 Cal., 51 ; Og- 
burn V. Conner, 46 Cal., 346 ; WUkins v. McCue, 46 Cal., 656 ; Yansickle v. 
Haines, 7 Nev., 249. 
If one goes upon public land of the United States and appropriates water for a 
lawful purpose, and is permitted to continue in its adverse engoymentand 
use for more than ten years, such appropriation ripens into a title which 
can not be disturbed by one succeeding to the rights of the United States. 
Tolman v. Casey, 15 Ore., 83. 
One who has acquired a prescriptive right to the use of water as against a pro- 
prietor on a natural stream can not claim such right against the same 
g arson as to lands lying farther down the stream and afterwards acquired 
"om the Government by him. 
Union M. & M. Co. r. Ferris, 2 Saw., 176. 
Prescription, burden of proof. 

The burden of proving an adverse use of water for the statutory ^riod, with the 
knowledge and acquiescence of the person having the prior right, is cast 
upon the person alleging such adverse use. 
Union M. & M. Co. v. Ferris, 2 Saw., 176 ; the Mining Debris Case, 9 Saw., 441 ; 
American Co. v. Bradford, 27 Cal., 360. 

Preaoription, extent of right. 

The right acquired bv prescription is measured by the right enjoyed ; it is always 
confined to tne right as exercised for the full period of time prescribed by 
the statute. 
Boynton v. Longley, 19 Nev., 69. 
Prescription pleadings. 

One claiming a right to water by virtue of the adverse use thereof for the statu- 
tory period must set up said right in his pleadings in order to entitle liim 
to submit testimony in support of such claim. 
American Co. v. Bradford, 27 Cal., 360; Lux t7. Haggin, 69 Cal., 255. 

Prescription, what necessary to establiah right by. 

One who claims a right to water by reason of an adverse use for the statutory 

period must show that such n^ was open, peaceable, and uninterrupted, 

and under claim or color of right. 

Union M. & M. Co. «. Daug^berg, 2 Saw., 450 ; the Mining D^ris Case, 9 Saw., 

441; Grigsby v. Clear Lake Water Co., 40 Cal., 396; Cave r. Crafts, 53 

Cal. , 135 ; Ledu t>. Jim Yet Wa, 67 Cal. , 346 ; Winter v. Winter, 8 1(ev. , 129. 

To establish a right by prescription or adverse use, the acts by which such right 

is sought to be established must operate as an invasion of the rights of the 

party against whom it is set up. The enjoyment relied upon must be of 

such a character as to a£E6rd ground for an action by the other party. 

Union M. and M. Co. v, Ferris, 2 Saw., 176 ; Grigsby v. Clear Lake Water Co., 

40 Cal., 396 ; Anaheim Water Co. v. Semi-Tropic Water Co., 64 Cal., 185 ; 

Dick V, Bird, 14 Nov., 161 ; Dick v. Caldwell, 14 Nov., 167 ; Boynton «. 

Clear Lake Water Co., 40 Cal., 396. 

Prescription right to overflow land. 

See Easement for overflow of water. 
Prior appropriation. 
See Appropriation. 
Private property may be taken for public use. 

See Eminent domain. 
Property of Government in stream. 

The Grovernmeut, as proprietor of lands through which a stream of water natu- 
rally flows, has the same property right in the stream that any other 
owner of land has, be it usufructuary otherwise. 
Union M. and M. Co. v. Ferris, 2 Saw., 176 ; The Mining Debris Case, 9 Saw., 
441 ; Lux V. Haggin, 69 Cal., 255 ; Vansickle v, Haines, 7 Nov., 249. 
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Protection of land against stream, right ot 

See Hipariao proprietor. 
Public land, easement on. 

Land cliumed by ^a pre-emptor remains public land aotil he proves np and pays 
for it. Land npon which pre-emption filing is placed after the passage of 
the acts of Jaly 26, 1866, and Jnly 9, 1870, may at any time before proof 
and payment be subjected to the right of way for a ditch or reservoir 
under the provisions of said acts. 
Farley v. Spring Valley M. and I. Co., 58 Cal., 142. 
See Statutes, act July 29, 1866. 

PabUc lands, rights acquired by possession. 

See Miners and agriculturists, Relative rights. Riparian rights. 
Public land, rights of settlers on. 

A tract of the public domain upon which one has settled with the intention of 
acquiring title thereto under the pre-emption law remains public land 
subject to disposition by the proper authorities until such settler bas 
periected his right by showing compliance with the requirements of said 
' law and payment of the purchase price. 
Frisbie v. Whitney, 9 Wall., 187: Yosemite Valley Case, 15 Wall., 77; Hut- 
ton V. Frisbie, 37 Cal., 475 ; Western Pac. R. R. Co. v. Tevis &> Kerr, 41 
Cal., 489. 
Occupation and improvement of public land with a view to pre-emption confers 
an inchoate right that may be protected by the courts against the claims 
of other persons who have not an equal or superior right. Such a settler 
however, acquires no vested right until the purchase money has been 
paid and a receipt issued. 
Frisbie v. Whitney, 9 Wall., 187. 

Purchaser of land presumed to have notice of water rights. 

One who buys land is presumed to buy with notice of the water rights in use on 
the premises. 
Coffman v, Robbins, 8 Ore., 278. 

Real property, water in a natural stream is. 

Although an appropriator may be entitled to the flow of the water undiminished 
at the head of his ditch, yet the water in the stream is not his personal 
property but a part of the realty, and he can not maintain an action for 
the value of the water, as for personal property sold and delivered, 
against one who has wrongfully diverted the waters of said stream. 
7 Parks C. & M. Co. v. Hoyt, 57 Cal., 44. 

Real property, water ditches and rights are. 
See Water ditches are real property. 

Reasonable use of water. 

See Riparian rights, reasonable use. 

Relation. 

See Appropriatiou, relation. 
Reservoirs, natural depressions. 

One may utilize as a reservoir for storing water a natural depression on the public 
land which includes the bed of a stream, but he must see to it that no 
legal right of prior appropriators or other persons is in any way interfered 
with by his act«. 
Larimer County R. Co. r. People ex rel. , 8 Colo. , 614. 

Right of way, change of direction of ditch. 

One who has acquired the right to go upon a tract of land and construct a ditch 
across the same ma^ change the course of such ditch from the line origin- 
ally surveyed, and if such diversion worked no actual iivfury to the owner 
of the land, he will not be liable for even nominal damages. 
Conger v. Weaver, 6 Cal., 548. 
Right of way, conveyance of 

A deed which conveys the right of way for an existing ditch is in effect a con- 
veyance of the ditch itself. 
Reed v. Spicer, 27 Cal., 57, 
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Rightof way through city. ^ 

A municipal corporation which accepts the dedication of streets across which a 
ditch has been previously located and right of way therefor acquired, 
takes the same subject to the prior rights of the owners of the ditch ; and 
when the necessities of the public require that such ditch be bridged at 
the street crossings, it is the duty of the city, and not of the owner of 
the ditch, to construct such bridges. 
Denver v, Mullen, 7 Colo., 345. 
Right of way under act of July 26, 1866. 

Under act of Confess of July 26, 1866, one has a right to construct a ditch across 
the public lands of the United States, subject only to the liability of 
paying for any damage to the possession of a settler on the land. 
Hobart r. Ford, G Nov., 77; Shoemaker r. Hatch, 13 Nov., 261. 
X^paxian owner, boundary line of land. 

Where a navigable stream has been meandered in making the public surveys the 
meander line is run for the purpose of marking the sinuosities of the 
stream rather than the boundaries of the tract of land bordering on 
such streams, the stream itself and not the meander line as actually run 
on the ground is the true boundary of tracts bordering on such streams. 
Railroad Company v. Schurmier, 7 Wall., 272 ; Minto v, Delaney, 7 Wall., 337; 
Moore v. Willamette Transportation Co., 7 Ore., 355. 

Riparian proprietors. 

The section of the civil code of California which provides " the rights of riparian 
proprietors are not affected by the provisions of this title " declares, in 
effect, that those appropriating water under the previous sections shall 
not acquire the right to deprive of the flow of the stream those who shall 
have obtained from the State a title to, or right of possession in, riparian 
lands before proceedings leading to appropriation were taken. 
Lux V, Haggin. 69 Cal., 255. 
The common law doctrine of riparian rights is unsuited to the condition of the 
State of Nevada. 
Reno Smelting M. & R. v. Stevenson, (Nev.) Lawers' Reps. (1889), IV, 60. 
Riparian proprietors, lease, estoppeL 

An upper riparian proprietor, who enters into an a^eement with a lower pro- 
prietor, whore uy the latter grants for a certain term the right to the use 
of the waters of the adjoining stream for domestic purposes and irriga- 
tion is not, upon the expiration of the agreement, thereby estopped from 
asserting hid rights as a riparian proprietor to the use of the waters of 
such stream. 
Swift V, Goodrich, 70 Cal., 103. 
Riparian proprietors, rights as against appropriators of water. 

An appropriation of water on public lands of the United States^ made after the 
act of July 26, 1806, did not give the appropriator any right as against a 
riparian owner under a grant from the United States made prior to said 
act. 
Lux V. Ilaggin, 69 Cal., 255 ; Vansickle v. Haines, 7 Nev., 249. 
Riparian proprietor, right to protect his land from injtiry by stream. 

A riparian proprietor has aright to protect his land from a threatened ohiwge in 
the channel of an adjoining stream and t6 erect works to prevent the old 
course of the stream from being altered. 
Barnes v, Marshall, 68 Cal., 569. 
See Waste. 
Riparian rights, division of water by parol agreement. 

Where the water of a stream which passes through the lands of different persons 
has been divided by them by parol agreement, and each party has con- 
structed ditches, and has received, cared for, and enjoyed his portion of 
said waters for years, such parol agreement should l>e upheld in equity. 
CofEinan v, Robbins, 8 Ore., 278. 
Riparian rights, extent of 

The owner of land through or along which a natural stream flows has a right to 
the reasonable use of the water of such stream during its passage, but has 
no right in the corpus of the water. 
Union M. & M. Co. v, Dangberg, 2 Saw., 450,'; Eddy v, Sitapson, 3 Qal., 249; 
Crandall v. Woods, 8 Cal., 136: Kidd v. Laird, 15 CaL, 161 ; Hale v. Mo- 
Lea, 53 Cal., 578; Pope v, Kinman, 54 Cal., 3; Lux v. Hagierin, 69 Cal., 
255 J Weiss v. Oregon Iron & Steel Co., 13 Ore., 496. 
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Riparian rights, extent of—Continued. 

Every proprietor of land through which flows a stream of water has a right to 
the use of the water flowing in its natural channel without dimonition 
or obstnictioD, except so far as upper riparian owners may use said water 
for domestic use, stock, and reasonable iirigation. i. 

Taylor k Welch, 6 Ore., 19d ; Hayden v. Long, S Ore., 244 ; Coffman v. Rob- 
bins, 8 Ore., 278 ;Shively v, Hume, 10 Oife., 76. 
The owner of land on a water-course has a right to the f^ee flow of the water to his 
land without obstruction, and an owner above in protecting his land 
i^m injury can not cut off the water of the stream by a dam. 
Bliss V. Johnson, 76 Cal. , 597. 
When a natural stream of water flows through lands belonging to different per- 
sons, each usually has the right to enjoy it for the ordinary purposes of 
life ; the right to drink it, to use it for culinary purposes, and to water 
animal^. Any surplus after these purposes are supphed may be used for 
irrigation, and should be equitably divided between the several proprie- 
tors. 
Shook V, Colohan, 12 Ore., 239. 

Riparian rights, extent of, necessities. 

A riparian proprietor is entitled to take from the stream as much water as is nec- 
essary for watering his cattle and for domestic uses, even though such 
necessities may consume all the waters of the stream. 
Union M. A, M. Co., 2 Saw., 450 ; Ferrea v. Knipe, 28 Cal., 340 ; Hale v. Mc- 
Lea, 53 Cal., 578 ; Lux v. Haggin, 69 Cal., 255. ^ 

Riparian rights, equitable title confers. 

One who has entered and paid for his land under the pre-emption law and has re- 
ceived a certificate of purchase, or one who has entered land under the 
homestead act and has continued to reside thereon, has the eqtiitable 
title to such land, and Js entitled to riparian rights. 
Union M. A, M. Co. v. Ferris, 2 Saw., 176. 

Riparian rights, Ooiremment as owner. 

The Government, as proprietor of the land through which a stream flows, has the 
same property and right in the stream that any other proprietor would 
have. 
Union M. & M. Co. v, Ferris, 2 Saw., 176. 

Riparian rights, grantees of Gto^emment. 

The grantee or patentee of the Government acquires common- law rights in the 
waters flowing through the land granted, except when such rights are 
reserved 
Lux V Haggin, 69 Cal., 255 ; Vansickle v Haines, 7 Nov., 249. 
A stream of running water is part and parcel of the land through which it flows 
inseparably annexed to the soil, and the use of it as an incident of the 
soil passes to the patentee of the land. 
Union M. A, M. Co. v, Ferris, 2 Saw., 176. 

Riparian rights, irrigation. 

A riparian proprietor may take water from the stream and may make reasonable 
lise of it forpi&rpociM of irrigation. 
^ Union M. &> M. Cfo. v. Ferris22 Saw., 176 ; Ellis v. Tone, 58 Cal. , 289 ; Anaheim 

W. Co. ». Semi-Tropic W. Co., 64 Cal., 185 ; Lux tr. Haggin, 69 Cal., 255; 
Swift V. Goodrich, 70 Cal., 103; Coffman v. Bobbins, 8 Ore., 278. 
A riparian proprietor is not entitled to divert and use all the water of a stream 
for the purpose of irrigation without regard to the wants and necessities 
of other riparian proprietors, although tne amount so diverted and used 
was no more than necessary for the irrigation of his lands. 
Union M. <& M. Co. v. Ferris, 2 Saw., 176; Hale v. McLea, 53 Cal., 578 ; Ellis 
V. Tone, 58 Cal., 289; Lamed v. Tangeman, 65 Cal., 334; Gould v. Staf- 
ford, 77 CaL, 66. 

Riparian rights, obstruction of stream. 

While a riparian owner to whom the water first comes in its flow has a right to 
use it for domestic purposes and for watering cattle, he has not the right 
to so obstruct the stream as to prevent the water running substantially 
as in a state of nature it was accustomed to run. 
Ferrea v. Knipe, 28 Cal., 341 ; Lobdell v. Simpson, 2 Nov., 274. 
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Riparian rights, possesBioi^ confers. 

One who appropriates public land acquires a right to the use of water flowing 
through it, and this right is eood as against every one, except the Got- 
emment and those who may nave acquired prior rights thereto. 
^ Crandall v. Woods, 8 Cal., 136 ; Leigh Co. v. Independent IMtch Co., 8 Cal., 
^ 323 ; Huston r. Byhee (Ore.), Sawyers Rep., 1889, II, 568. 

Riparian rights, posseaaion of nnsnrveyed lands. 

A mere possessor of unsurreyed public land has no riparian rights. 
CoYington v. Becker, 5 Nov., 281 ; Lake v ToUes, 8 Nov., 285. 

Riparian rights, reasonable use. 

A reasonable use of the waters of a stream by a riparian proprietor may be de- 
fined as any use that does not work actual, material, and substantial 
damage to the common right which each proprietor has, as limited and 
qualified by the precisely equal right of every other proprietor. 
Union M. & M. Co. v. Dangberg, 2 Saw., 450 ; Lux v. Haggiu. 69 Cal., 255. 

Sale of water, effect on prior right to its use. , 

One who has built a mill on a stream thereby appropriates the water-power at 
that point, and does not by the conveyance of the water at a point above 
his mill lose his prior right over one who has claimed the water below 
the mill for mining purposes. 
McDonald v. Askew. 29 Cal.. 200. 

Springs. 

The owner of a head spring is not Justified in exhausting it, for purposes of irri' 
gation , to the injury of owners lower down on the main channel of the 
of the stream. 
, Homing v. Davis, 37 Tex., 183. 

Statutes, act of July 26, 1866. 

The doctrine of right by prior appropriation was recognized by the act of Con- 
gress of July 26, 1866. 
Atchison V. Peterson, 20 Wall., 507; Basey r. Gallagher, 20 Wall., 670 ; Union 
M. & M. Co. V. Ferris, 2 Saw., 176: Cave v. Crafts, 53 Cal., 135; Osgood 
V. El Dorado W. & M. Co., 56 Cal., 571. 
The act of July 26, 1866, confirmed rights already held under the local customs, 
laws, and decisions of the courts; it did not introduce any new systom 
or any new or different policy on the part of the Government ; it recog- 
nized, sanctioned, protected, and confirmed the system already estab- 
lished and provided for its continuance. 
Jennison v. Kirk, 98 U. 8., 453 ; Broder v, Natoma Water Co., 101 U. S., 274 ; 
Titcomb v. Kirk, 51 Cal., 288; Jones v. Adams, 19 Nev., 78. 
The act of July 26, 1866, conferred upon parties desiring to divert water from a 
natural stream the right to construct across the public lands ditches foi 
that purpose, subject only to the liability of paying for any damages to 
the possession of a settler on such lands. 
Hobart v. Ford, 6 Nev., 77 ; Shoemaker v. Hatch, 13 Nov., 261. 
It is not necessary, in order that a right may be entitled to protectic>n under sec- 
tion 9 of the act of July 26, 1866^ that there should be a union of the 
three conditions therein mentioned ; that is, that said right should be 
recognized by the local customs, laws, and decisions of the courts. 
Basey v. Gallagher, 20 Wall., 670: Barnes v. Sabron, 10 Nov., 217. 
The act of July 26, 1866, does not afieet the rights of one who had acquired a 
right to land and water flowing across it prior to the passage of said 
act. 
Union M. & M. Co. v. Ferris, 2 Saw., 176; Union M. A If. Co. v. Dangberg, 
2 Saw., 450; Lux v, Haggin, 69 Cal., 255. 
The act of Congress of July 26, 1866, was adopted simply to protect those wbo 
were at the tim^ diverting water from its natural channels on the public 
lands and no diversion had been previously authorized. 
Yansickle v, Haines, 7 Nov., 249. 
One has a right under the act of Congress (July 26. 1866) to go upon Govern- 
ment laud and divert the waters of a natural stream, and to the extent 
of his appropriation he acquires k vested right therein, and whoever 
afterwards purchases above or below him takes subject to-such prior ap- 
propriation. 
Kaler v. Campbell, 13 Ore., 596. 
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Statutes— Oeneral Statutes Colorado, section 1718. 

That portion of section 1718, General Statates of Colorado, which limits the 
* amount of compensation to be paid to the owner of a ditch by one who 

desires to enlarge^ or nse the same, nnder the provisions of said law, to 
a reasonable proportion of the cost of constraction of^said ditch, is un- 
constitutional. The compensation for taking or damaging private prop- 
erty against the owner's consent mnst be ascertained by a jury or board 
of commissioners. 
Tripp V. Overocker, 7 Colo., 72. 

Statutes, act of March 3, 1869, Nevada. 

The statute of March 3, 1869, merely provides for a right of entry on the land of 
another for the purpose of surveying for a ditch or flume and the man- 
ner in which such lands may be condemned, and does not confer any 
right of priority upon one complying with its provisions. 
Barnes v, Rabron, 10 Nev., 217. 

Texas. / 

The colinization law of Texas and the statutes of the State recognize the right 
to use water for irrigation purposes. 
ToUe V. Correth, 31 Tex., 362. 

Statute of limitation. 

See Limitations^ statute of. 

Subterraneous streams. 
See Underground streams. 

orposesof^ Tenants in conmion, appropriators are. 

channel of'. ^ee Appropriators, tenants in common. / 

Trespasser, appropriation by. 

See Water right, when an appurtenance. 

16 act of 0^ Underground streams. 

The rules of la^ which govern the use of streams flowing upon the surface of 
^» 670; UDiS ^Yie earth are equally applicable to underground currents of water flow- 

,129',W ing in defined channels. 

Hanson v. McCue, 42 Cal., 303; Cross v. Kitts, 69 C^l., 217 ; Keeney v, Ca- 
rillo, 2 N. M., 480; Strait v. Brown, 16 Nov., 317; Taylor v. Welch, 6 
Ore., 198; Shively v. Hume, 10 Ore., 76. 

Use, beneficial, is test of appropriation. 
See Appropriation. 

Use, by riparian proprietor. ^ 

See Riparian rights, extent of. 

Use of "water for street sprinkling is use for irrigation. 

A contract by which it is agreed to furnish water to the inhabitants of a city " for 
domestic purposes " does not include water for irrigation. Water used 
for sprinkling streets is water used for the purposes of irrigation. 
Los Angeles Water Co. v, Los Angeles City, 55 Cal., 176. 

Use, place of. 

See Place of use. 

Usufructuary rights. 

See Appropriator's rights in water of a natural stream are usufructuary, Riparian 
rights, extent of. 

"Waste. 

A person having the right to the exclusive use of the water flowing throagh a 
ditch constructed across the land at anv point, where he may desire to 
turn it for irrigating purposes during the spring and summer months, 
has the preference during the season when he requires the water for 
irrigation, but he has no right to waste it at any time, at other times the 
owner of the ditch has the full right to use it. 
Huston V. Byh^e (Ore.), Lawyer's Rep. (1889), II, 568. 
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"Water commisBioners, extent of authority. 

A board of water commissioners, under the act of California of May 15, 1854, has 
no authority to enter upon a private water-course and to disturb the 
owners thereof in its use and enjoyment. 
Chamock v. Rose, 70 Cal., 1'^. 

Water commlsaioners' actiona may be reriewed by the courta. 

It is the duty of the board of water commissioners, upon petition, to locate and 
lay out a proposed water ditch, and when it is constructed to apportion 
the water amouff those interested according to their respective interest-s ; 
but the action of the board in making such apportionment is subject to 
review by the courts. 
Daley v. Cox, 48 Cal., 127. 

Water companlea, righta and privilegea of. 

Corporations organized to furnish the inhabitants of a city with pure, fresh 

water, like companies organized to furnish gas to the inhabitants of a 

city, are engaged in a '* species of trade and commerce,'' and are gov< 

emed by the provisions of the State law relating to such corporations. 

Heyneman r. Blake, 19 Cal., 579 ; Price r. Riverside L. & I. Co., 56 Cal., 431. 

Water course defined. 

To constitute a water-course there must be bed, banks, and water ; the water 
must usually flow in a certain direction and by a regular channel ; the 
water need not flow continually, but the stream must have a well-de- 
fined and substantial existence. 
Barnes v. Sabron, 10 Nev., 217. 

Water-course, natural, used to carry water acquired by appropriation. 

One who avails himself of a natural water-course to conduct water he has appro- 
priated to the place where he designs to use it does not abandon the water 
thus turned into the natural stream, and may divert the same quanti^ 
at the place he desires to use it. 
Hoffman v. Stone, 7 Cal., 46: Butte Canal <& Ditch Co. v. Vaughn, 11 Cal., 
143; Davis 17. Gale, 32 Cal., 26; Ellis v. Tone, 58 Cal., 289; Schulz v. 
Sweeny, 19 Nev., 359. 

Water-cours^, natural, used to convey ^prater. 

One who has brought water from a distance and emptied it into a natural stream 
with the intention of takinf^ it out again may not so reolaim it as to 
diminish the quantity to which a prior locator or apprc>priator was en- 
titled. • 
Butte Canal & Ditch Co. v. Vaughn, 11 Cal., 143 ; Burnett v. Whitesides, 15 
Cal., 35 ; Wilcox v, Hausch, 64 Cal., 461. 

Water-course, natural, used to convey water, burden of proof. 

Upon one who turns water into a natural water-course for the purpose of convey- 
ing tt to the place where it is to be used and there divertiuflr it from said 
stream is cast the burden of showing that he has not taken from tbe 
stream more water than he turned into it. 
Butte C. 4& D. Co. V. Vaughn, 11 Cal., 143; Wilcox v, Hausch, 64 Cal., 461. 

Water ditches are real property. 

A water ditch and the water right appurtenant thereto are real property. 

Hill V, Newman, 5 Cal., 445; Lower Kings D. Co. v. Lo^er Kings R. & F. C. 
Co., 60 Cal., 408; Dodge v. Marten, 7 Ore., 456. 
Whether ditch property iu the mineral regions of this State, although conceded 
to bo real estate, is to be regar^d by courts of equity with the same 
measure of favor that is bestowed by them upon land held and cherished 
for itself, and whether such courts will interfere by way of injunction to 

Srotect ditch property, admits of at least serious doubt. 
V, Willett, 35 Cal., 534. 

Water ditch, "when public property. 

An irrigating ditch, constructed, repaired, and controlled by two or more persons 
does not cease to be private property because they have not accurately 
defined their respective rights therein, or because they have selected 
some one to distribute the water among those interested therein. Such 
ditch is not subject to the control of tne board of water commissioners 
for the district in which it is situated. 
Cate r. Sanford, 54 Cal., 24. 
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"Water, diversion of. 

See Diversion of water. 
Water, personal property. 

Sw Personal property. 
Water right, oo-eztensive with ditoh. 

iSee Appropriator's right oo-eztensive with his ditch. 
Water right, deed oi; does not convey mill-site. 

A deed conyeying the right to the nse of the water of a river between certain 
points does noc convey the land of a mill-site on the river. 
Robinson v. Imperial S. Mg. Co., 5 Kev., 44. 

Water right, transfer of. 

An execnted contract which passed the eqnitable title to a dit-ch to which a water 
rieht was appnrtenant^ is sufficient to insure the grantee the rights for 
which he stipulated as against an adverse claimant. 
Ortmanv. Dixon, 13 Cal., 33. 
The right to water acquired by appropriation is a species of realty, and requires 
for its transfer the same form and solemnity as is required for the convey- 
ance of any other real estate. 
Barkley r. Tieleke, 2 Mont., 59 ; Smith v, O^Hara, 4^ Cal., 371. 
Bight to water acquired by appropriation may be transferred like other prop- 
erty. 
McDonald v. B. R. & A. W. & M. Co., 13 Cal., 220 ; Union Water Co. r. Crary 
25 Cal., 504 ; Dalton v. Bowker, 8 Nov., 190. 
The right to the use of a water-course in the public mineral lands, and the right to 
divert and use the water taken therefrom acquired by appropriation, may 
be held, granted, abandoned, or lost by the same means as a right of the 
same character issuing out of lands to which a private title exists. 
Union Water Co. v, Crary, 25 Cal., 504. 

Water right, when an appurtenance. 

A right which'secnres to the owner of a tract of land water for irrigating or 
other purposes necessary to the beneficial enjoyment of the land becomes 
appurtenant to said land and passes bv a conveyance thereof. 
Cavet;. Crafts, 53 Cal., 135; Farmer r. Ukiah Water Co., 56 Cal., 11 ; Stan- 
dart V. Round Valley Water Co., 77 Cal., 399. 
If the right to use the water were acquired by appropriation for the purpose 
of operating a mill on the stream, such right would pass by the transfer 
of said mill property to a vendee. 
McDonald v. B. R. ^b A. W. <& M. Co., 13 Cal.. 220. 
The water supply of a mill will ordinarily pass witn a conveyance of the mill, but 
in Older to do so it must belong to the mill, must be the property of the 
owner thereof. 
Ginocchio v. Amador C. & M. Co., 67 Cal., 493. 
The purchase by a mining company of a water ditch and rights appertaining 
thereto does not necessarily constitute said ditch ana water rights ap- 
purtenances of the mining claim. Upon one who asserts that a ditch and 
water rights are appurtenant to a mining claim is cast the burden of 



proving that such is the faut. 

irk 1 " " " ^ 



Quiric V. Falk, 47 Cal., 453. 
The right to water appropriated to irrigate a certain tract of land by one who had 
no title to said land, but was a mere trespasser, does not become appur- 
tenant to the land, and does not pass to a purchaser from the owner of the 
land. 
Smith v. Logan, 18 Nev., 149. 
To entitle one to recover in an action in ejectment he must show that he is en- 
titled to possession of the premises; but he is not required to show that 
he is entitled to the enjovment of a stream of water running through the 
premises or that he was damaged by the diversion of it. 
Dilley v. Sherman, 2 Nov., 67. 
When a canal or aqueduct has been constructed in two separate parts by different 
contractors at different times, the two sections being fed in part from dif- 
ferent sources, and the Supreme Court of the United States has decided 
that the two sections constitute separate and distinct works, the water 
supply of the one must beheld not an appurtenance of the other section. 
Reynolds v, Hosmer, 51 Cal., 205. 
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Water rights acquired under license to use. 

One who takes possession of water nnder a verbal liceose to use the same, daring 
the time that the grantor did not Deed the ase thereof, acquires no rights 
which could be sold aud transferred to another. 
Fabian r. Collins, 3 Mont., 215. 

Water rights are real property. 

The right to rnnning water may exist without private' ownership of the soil upon 
the ground of prior appropriation. The right to water mnst be treated 
as a rieht running with the land and as a corporeal privilege bestowed 
upon the occupier or appropriator of the soil, and as such it has none of 
the characteristics of mere personality. 
Hill V, Newman, 5 Gal., 445. 

Water, use of, by those entitled may be regulated by a court of equity. 
It is within the power and authority of a court of equity to ascertain and deter- 
mine the extent of the rights of property in water, flowing in a natural 
water-course, accjpired by persons who hold and are entitled to them, and 
to regulate between or among them the use in the/ flow of the water in 
such a way as to maintain equality of rights in the enjoyment of the com 
mon property. 
Frey v. Lowden, 70 Oal.,550. 
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A. 

Page. 
AlUtiides, and their relatioDS to irrigation- 
California, of 34 

Coast Range table lands v 9 

Cuyamaca Moantains, of 13G 

D^ota, of 79 

DaytoQ 43 

Foot-Hills, Lower 13 

Fresno County, in ,. 12 

Harney Peak, Dakota 79 

Kern County, of 12 

Mount Whitney 9 

Nevada, State of 75 

Plains region, of 4 

Plateau region, northern Arizona 7 

Rain-fall, belt of - 30 

San Jacinto Mountain, of 29,30 

San Luis Valley, of 6G 

Tulare County, of , 12 

Valleys, California, of II 

Walla Walia,at 4.; 

Artesian wells, relating to 20, 25, 26, 27, 28, 29, 43, 48, 50, 5;i, 5H, 90, 92, a3, 96, 100 

- 101,102,104,109,301 

Albert Howard, Colorado, the .. ...... .,^,.* ,----, -^. 88 

Basins of ., 27 

Belt of.... , 13,85 

Billings, at^ 90 

Boring for, Grafton, Dak- .,...,., •., 93 

for, Yankton, Dak 93 

cost of ^ , 25 

in India and other countries ,,., 90 

Bois^ City,Idaho,at , 100 

Box Elder County, in.... : 53 

California, in 102 

City of Mexico, at....... , 283 

Colorado. in -.,--.. .,..-. »,. „-.,...,.. 104 

Dakotas,ofthe 92,93,94,05 

Davis County, of .».. 57 

Denver Basin, in 104 

Dodge City, at 82,143,144 

Economic value of 89,90 

Estimate, an authoritative 96 

Flowing, in California 102 

Flowing, at Tombstone, Ariz 92 

Fresno County, of 11 

Garden City, at 82,143,144 

Groups of 25 

Groups of, successful, Dakota 93 

Geology of 93,95 

Helena, Mont., at 100 

Kansas, in , , 97 

Kern County, Cal.,in 11 

Laramie Plains, on ,,-, ; 105 

Leon, Mexico, at , 99 

Los Angeles, at 20 
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ArtesiaD wells, relating to—Continued. , 

Limitations of imgation, by J. W. Powell 105, lO'* 

Lift of, in western Texas 96,99 

• Millard Connty 53 

Miles City, Mont., at 100 

Nebraska, of 96 

Nevada, of 75,101,102 

Northwest, of the 100 

Oxford, Idaho, at : 100 

Pasco, Wash 100 

Reasons for inquiry into 106 

Roslyn, at 1 100 

" San Bernardino Basin, of 27 

San Gabriel County, Cal 301 

Santa <iara County, in 301 

San Diego County, in 107 

San Joaquin, of 14 

San Luis Vallev, of 60 

Salt Lake Valley, of 56,106 

Staked Plains re<];ion, on 91,98,99 

Table of elevation, depth, and pressure 94 

Table of observation by geologists 97 

Tulare County, average flow from 11,53 

Use of 105 

Utah, in 48,100,101 

Warm Springs, Oregon 100 

Wyoming, in 106 

B. 
Basins — driver, and irrigation — 

Carson 146^148 

Columbia River : 43,44 

Denver, artesian 104 

Drainage of 13,114 

Drainage of, in Oregon 44,49 

Hydrographic 6,40 

Klamath, of 8,44 

Mojave, of 8 

Murray River drainage 295 

Rincon 104 

Rio Pecos catchment 149 

San Bernardino , 27,104 

San Fernando 20,25,102 

San Gabriel 24,25 

Southern California, of 24 

Total area of 114 

Truckee 146,148 

Washoe 145 

White Sand Hills 99 

Yellowstone , 40 

C. 
Canals and irrigation, names of— 

Anderson, the 125 

Arizona, the 304 

Beardsley, the 122 

Big Thompson, the 305 

Buena Vista, the 185 

Cache La Poudre, the 69 

Calloway, the 122,303 

Chowchilla, the 305,315 

Crocker, the 23 

Dixon, the 124 

Dodge City, Kans., at 145,304 

Eureka, Kans., at 303 

Farmers', the 125 

Frazer, the 126 

Fresno (76), the .^ ^,304 
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Page. 

Canals and irrigation, names of— Continued. 

Gates^the w 125 

GilaBi^er, ott the 61 

Goose Lake, the -...^ 123 

Grand Riyer, the 143 

Grand Valley, the 67 

Great Bear Biver, the 50 

Great Eastern^ the 304 

Hurley, the ^ 126 

Ibrahuniek, the 321,323 

James, the -.. 126 

James and Dixon, the 123 

Joice. the 124 

Kern' Island, the 121,124,125 

Kern County, system of 127 

Larimer and Weld, the 304.305 

List of 33^ 

Ma^copa County, in 61 

McCord, the 122 

Meacham, l^e 126 

Miles of ^ in Weber, Utah, Cache, and Salt Lake Counties i.. 49 

Nahran,the 322 

North Poudre, the 304 

North Poudre Land and Canal Company's, the ^ 142 

Northern, the 149 

Old South Fork, the 124 

Pioneer, the 123 

Perennial, the... ♦ 322 

, Plunkett, the 126 

Bailroad, the 1 123 

R^nm^ofKern 127 

Rio Grande, on 66 

Riverside Works.. 29 

Salt River Valley, in ..*..^ 61 

San Joaquin and King's River, in 304,305 

South Dod^e, at 144 

Southern, the 149 

South Fork, Jjhe 28 

South Platte, the 303,304 

Statistics of Indian works.- 327 

Stine, the 124,125 

Tabulated statement - 64 

Upper and Lower Ganges, of 326 

Union Colony, the 68,69 

Western, the 323 

Wible, the 123 

Wilson, the 126 

Crops under irrigation — 

Alfalfa or Lucem. .19, 39,41, 43, 51, 55, 58, 60, 61, 62, 71, 77, 102, 121, 133, 315, 316, 333 

Barley 34,39,41.43,58,60,62,77,287,314,324 

Beans ., 287,321,322,324 

Bermuda grass 62 

Blue grass 62 

Buffalo grass 81,297 

Bunch grass 297 

Cereals 34,39,43,58,308,322 

Chickpeas , 291 

Clover 83,324 

Com 21,41,48,55,58,62,71,77,268,287 

Cucumbers 324 

Grain : 13,50,51,53,65 

Grasses 40,48,65 

Hay 50,51,53,77 

Hay, by subirrigation or percolation 43 

Hay, price per ton in Arizona 60 

Hay, Salt River 60 

Maize ,.,.... 287,291,293,322,325 

Melons 58,324 
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Crops UDder irrigation — Contiaued. 

Native passes ••...• ...••... .... ..«. ..•• 14 

Native Blae-stem - -. --..— 77 

Natural grasseo » > 5 

Oats 41,43,48,62,69,71,77,83,287 

Peas 307 

Potatoes 39,43,48,71,77,307 

Pampkins - — 58 

Red clover ^ 39 

Rice 267,291,314.321,322,324 

Root crops - 51 

Rye 77 

Timothy (hay and grass) 39,62,77 

Tomatoes 62 

Vegetables 43,58,77 

Wheat 6,7,13,15,20,34,39,41,43,48,58,60,62 

69, 71, 77, 287, 291, 307, 319, 320, 321, 324 

Colonies, irrigation, references to- 
American, the 13 

Central, the 12 

East^rby, the 13 

Fresno county, in 12, 13 

Greely, the first irrigators 67 

Land, co-operative 29 

Nevada, in 13 

Ontario, at 28, 132, 134 

Riverside, at ..•• 29 

Scandinavian, the ^ 13 

Union, the 67 

Washington, the 13 

Climate, references to 19, 134 

East of Cascade Moantains ^ -.- 6 

Mild 11 

Utah, of ^,49 

D. 
. Dams nsed in irrigation — 

Bear Valley, at 139,140 

**Crit,"the , 48 

Cuyamaca, the -. 136,137 

Mad-sill, a 48 

North Poudre, at head of, the 142, 143 

Salt River, Arizona, at Ill 

San Diego, diverting, the • 137 

Subsoil, a 129 

Sweetwater, San Diego County, Cal. at 31, 113, 115, 116, 117, 118, 119, 120 

Tambembe, the • 292 

Tucson (Nob. 1,2, and 3), at Pantano, near 111,112,113 

Wing, the 128 

Districts, irrigation — 

Acayrioan, in Mexico «. 295 

Choapam, in Mexico 293 

Coatlan, in Mexico *.. 293 

Cuicatlan, in Mexico 293 

Juchitan,in Mexico 293 

Ocampo, in Mexico 293 

Teposcolula, in Mexico 293 

Tiaxiaco, in Mexico .- 293 

Tnxtepec, in Mexico 293 

Tautepec,in Mexico.. 293 

Ditches, irrigation- 
Area under, total - 169 

Areas in Arizona - 60,167 

Black Hills ^ 163 

California _ 166 

Colorado ....63,168 

Dakotas 163 

Eastern Washington .- - 166 

Idaho..... 164 
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Paff& 
Ditches, irrigation— Continaed. 

Areas inJKausas, southwestern v.. 167 

Montana 164,165 

Nebraska.- 169 

Nevada * 166 

New Mexico 167 

Oregon 165 

Rockies, east of > ^ ^-..... 63,168 

Texas, western....... * 167 

Utah .-..-.. 165 

Wyoming .....76,169 

Ditches — 

Ash, the 124 

Blanks and forms relating to ^ 150.151,152,153 

Castro, the 125 

Cost of shares in Pro vo ■, 49 

Cotton Ranch, the 124 

Edwards, the ^ 123 

Emery, the 123 

Eoreka, the.. 145 

Johnston, the 123 

Jordan, near the, Utah, the 49, 

Jones and Lackey, the... 123 

May, the 124 

McCaffrey, the 122 

Miles of 25 

San Luis Valley, in , 66 

Arkansas Yalley, in ^ 82 

Mileage, table of... 64 

Monarob, the , 61 

Montana, in , 41,42 

Pottinger, the 123 

Provo, the ^ 49 

System of, in Yuma County. 60,61 

in Montana — 42 

South Fork, the 306 

Zaigero or overseer, the * 25,26 

Drainage — 

Area .,.6,43,112,323 

of the Rio Pecos 149 

of Nevada. *..» 75 

Arterial, of Southern California 103,104 

Mountain , .^.. ^,34 

Natural basins. 71,317 

Rocky Mountain ranges, of 40 

Supply the, from ^ 86 

F. 

Flumes and headgates .32,128,130,138,149,306,335 

Foreign countries, irrigation in— 

Africa... 105 

Australia 300 

Arabia 106 

Asia. 34, 105, 106,265,*269 

Belgium 320 

British Ammca ..4,5,80 

British India 32S 

China 34 

Denmark 79 

Durango, State of 287 

Egypt 265,266,320,323,324,328 

England 79,315 

Europe 105,265,266,269,296,320,328 

Tlaxoala, State of... 294 

France .....272,281,309,315,325 

Guanajuato, State of 289 

India. .....V..... 265,269 

Italy.... 79,272,273,267,301,308 
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Forei^ countries, irrigation in— Continued. 

Jalisco, State of 289-291 

Lombardy 267,273,296 

Lower Califonila .-.,. 287,292 

Mexico 4,5,91,92,282,289,296,300,303,314 

Michoacan, State of 289,291 

Moreloe, State of 292 

New South Wales... 295,296 

Norway .^^, * • 79 

Portugal--.-...,. , * : 79 

Queretaru, State of 294 

Hussia 320 

Sardinian Kingdom ^..,... - 273 

Scotland 79 

Spain., , 62,281,282,325 

Syria 265 

TamauHpas, State of 294 

Turkey 79 

VeraCruz.Stateof....^. 295 

Victoria, Australia 295,320 

Wales 79 

Zacatecas, State of ^ 289,295 

Forts, United States irrigation at— 

Adams 43 

Collins , 142 

Lowell- 112 

Lupton 87 

Sumner 148 

Fruit trees under irrigation ...134,316 

Almonds ,..-...^ 15,17,62,316 

Apple 17,39.43,60,62,314,316 

Apricot, ,- 17,39,55,60,62,65,316 

Cherry.. ...12,n,316 

Chestnut.. 316 

Citrus 11,29 

Crab-apple 60 

Date 15,35,60,62,325 

English walnut 17 

Fig - 12,15,17,20,35,54,60,62,316,325 

French prunes 62 

Lemon.-. 15,17,34,35,58,60,62,316 

Lime 316 

Mulberry 62 

Nectarine.... 15,17,35,316 

Olive 15,17,35,55.60,316 

Orange 15, 17, 19, 25, 29, 32, 34, 35. 58, 60, 62, 133, 307, 3 Ifi 

Orange orchards 18,19 

Orchards 11,21 

Peach 12,17,39,40,43.55,60,62,316 

Pear 17,39,40,43,60,62,316 

Plum 17,39,40,43,316 

Pomegranate 15,62,316 

Prune 17,35,39,40,60,99 

Quince 62,316 

L 

Irrigation — 

Advantage of 18,83 

Alexandria, at 326 

Alita, at 11 

Alosta, at 21 

Altadena, at - 21 

Analiena, at 7 

Ancient works of 269 

Apetatitlan, at - 294 

Arlington, at 21 

ArizDua, character of its 66,62 

Australian legislation for ^ i 297 
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Page. 
Irrigation— Continued. 

Australian report on American 296, 297, 298, 299, 300. 301 , 302, 303, 30,4305,306, 

307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319. 320 

A^usa, at - 21 

Bakersfield, at.... 124,125,127,303,315 

Benson, at 112 

Big Springs, at , *. 99 

Bois^City, at 39 

Bombay, at 530 

Brighton, at ft7 

Brownsville, at 96 

British India, in ^. 326,327,328 

Calabasas, at 91 

Cairo, at 326,350 

Capacity of Nevada for 74,75 

Carson, at .* :-• 297 

Character of, in Arizona • 56 

Chino, at 102 

Classes of, California 128,129,130,131,132,133,134,135 

Climate and, in America. 300 

Colorado, in 63 

Coolidge, at ■.-..- 82 

Commissioner of 73 

Construction, plans, projects, etc ....111,301,302,305,306 

' Construction in Wyoming 76,77 

Counties enriched by,, in California 35 

Crops of Egypt, 1888 327 

Croyden, at - 51 

Cucaniouga, at - 11, li»2 

Dallas, the 98 

Delano, at 11,102 

Denver, at 55,70,87,88,90,301,318 

Deming, at .' 92 

Development of, by districts - 63,73,76 

Difficulties of 298 

Diiferent works In diiferent States 298 

Distribution system, San Diego, Cal 31 

District law 23 

Divisions of California 13 

Divisions of the arid region • 4,5,6,7 

of Arkansas No. 2 64 

of Intramountain region 37 

of Sio Grande 64 

of South Platte 64 

Dodge City, at 82,143,144 

Douro, at 99 

Drainage areas 309,310 

Duarte, at 21 

Eaton, at 86 

Eastern Washington and Oregon 42,43,44 

Effects of 7 

Effects on health 16,17 

Egyptian, the Nile Valley 320, 321, 322, 323, 324, 325, :«6 

Ellensburg, at 42,43 

Enterprise, northern California 13 

Engineering, problems of , -— 85 

Estimate ofpeople supported by, in other countries 106 

Etiwanda, at 103 

Evans, at 87 

Extent of American 296 

Extension of, in arid regions — 310,311 

Fertilization by 308,309 

First colony of.... 67 

Fruit raising by 17 

Flooding by.; 306 

Flooding, Arizona, in ^ 61 

Florence, at 58,60,62 

Florin, at 301 

Flumes by ...Y=^ *- 31 
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Page. 
Irrigation — Continued. 

Ford, at -..—I... .7. 144 

Fresno, at 7, 8, 29, 309, 310, :n7 

Fnrrows 307 

Garden City, at 86 

G^ermaniai at 98 

Glendora, at 21 

Grafton, at 92 

Grand Junction, at 67 

Greeley, at 67,70,85,87,88,300 

Groaps or systems of 25 

High culture produced by 35 

Horse Shoe Bend, at 147 

Huntsvilie, at.. .<...» 50 

Hutchison, at 89 

Idaho, in - • 38 

lufluence of, on humidity 70 

Joseph, at 52 

Jnaoacatlan, in 289 

Kalvub, at 320 

Kern County works 121,129 

Kern County, not a uecessity in i 12 

Lake Donner surveyed for, porpobes 75 

Las Vegas, at 1 167 

Law cases, table of .* 330,331 

Laws in Colorado 299 

Legal condition of 171 

Legislation of Australia 295,296 

Leraoore, at 10, 11 

List of districts of 2:5 

Lewiston, at 39.42,43 

Lordsburg, at '. 21 

Los Angeles, at 7,24,27,121,297 

Madras, at 328 

Maricopa, at 91 

Marienfeld, at 91,98 

Markleville, at 147 

Mexico, laws of, on - 299 

Midland, at 91,99 

Modena,at 266 

Mormons, laws of, on 44,45,46 

Monrovia, at 21 

Mojave Desert, on 27 

Moxie Ranch, at 43 

National City, at 31,116 

Nile Valley, in the 1 320,326 

No cultivation without 41 

North Yakima, at 42 

Odessa, at 91,99 

Olancha, at 19 

Omaha 96 

Ontario, at 129 

Open ditches wasteful for 308 

Pasadena, at 21,129,304 

Pasco, at 43 

Pecos, on the 4 

Percolation, by 21 

Phoenix, at 111,297 

Piedmont, in 272,273 

Pipe system, Kern County -. 12 

Platteville, at 87,88 

Panama, at 104 

Prescott, at , ,. 56 

Private enterprise, by 42 

Provo,at : 49 

Prospects of, in America 316,317 

Pueblo, at 88 

Pumping in southwestern Kansas, by - 82 

Redlands, at ...21,98,804,305 
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Keno, at 145,147 

Resnit of, in California 18 

in Idaho 39 

Rialto, at 21 

Rio Pecos, New Mexico 148,149 

Riverside, at 21,29,102,131,305,310,320 

Salt Lake, at ^ 44,49,50,65,319 

San Anita, at 21 

San Bernardino, at !21,138 

San Carlos, at 58 

San Diego, at 7,27,30,31,32,136,300 

San Dumas, at 21 

San Francisco, at 9,34,102 

San Gabriel, at 7 

San Jacinto, at - 32,135 

San Joaquin Valley 23 

Santa F6, at 148 

Season for 43,45,50,52,53,54,56,70 

Sources of principal works 303 

St. Helena,at.. 96 

St. Paul, at, session on 163 

Sterling, at 87 

Sumner, at - 12 

Survey for 85 

Systems of 25,306,307,308 

Abestine 328 

canal, Fresno County, Cal 21 

circling 268 

colony 318,319 

distribution, San Diego 138 

different, in California 128,129,133,134 

Hermit Valley .32 

North American Cordillera 5 

pipe, value of 121 

8an Diego Flume Company 31 

SanDiequito 32 

sinking galleries or tunnels for underground currents 109 

small storage or tanks 109 

Southwest Kansas, in 82 

Subirrigation, on 308 

Subirrigation by conduits 25 

Sweeuwater River, at - 31 

Tahoe, at 145 

Tehachipi, at 8 

Tehuanfcepec, at 293 

Tejunga, at.. 21 

Temescal, at 102 

Testimony at Bois^ City 39 

Tipton, at 10 

Tombstone, at 92 

Tools employed in. 305 

Tree growth, effects of, on - 19 

Truckee, at 145 

Tucson, at 91,111 

Tulare Lake, proposed plan of lowering, for 120 

Tumacacori, at 91 

United States survey 107 

Use of stationary pumps for 109 

Utility of, by the Senate committee 170 

Utah, in 44,45,46,47.48,49,50,51,52,53,54,55,56 

Value of 82,83 

Value, character, and results of, Hon. E. A. Stephenson 39 

Vermillion, at 95,105 

Victoria, in 296 

Vivienda, at 102 

Wadsworth, at 147.148 

Walla Walla, ^t 42,43 

Western Kansas, in .^.«^y^i^ 80 
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Yankton, at 92,93,95,96 

Yuma, at 107,111 

Irrigation companies, names ol^ 

Arkansas valley 74 

Bear Valley Land and Water 129,130,131,138,141 

Bear Valley Beservoir 28- 

Bneua Vista Canal 125 

Delivery and Distribntion Works, at San Diego 135 

Denver Pacific Railway 67 

Farmers^Canal 125 

Gate^s Canal 125 

Gila Bend Canal 61 

River Irrigation - , 61 

Goose Lake Canal 123 

Hcsperia Land and Water 20 

Highland Park Water Works, Los Angeles 133,134 

James Canal 126 

James & Dixon Canal 123 

Kern Valley Water 126 

Riyer Water and Irrigation 122 

Lake Hemet Water, San Diego 13ft 

Lake Vineyard 304 

Larimer and Weld 74 

Lower New Kern Irrigation 123 

Meacham Canal 126 

Mission Valley Storage and DeUvery 34 

Northern Colorado Irrigation - 151 

North Fork Water 28 

Pioneer Canal 123 

Plunkett Canal 126 

Riverside Waterworks 29 

Riverside Water 29 

San Diego Flume 31,136 

Land and Town , 116 

River Works and Projects 136,137,138 

San LuisRey 32 

South Dodge Canal 144 

Stine Canal 125 

L. 
Land- 
Acres requiring irrigation in Arizona 59 

Acres under cultivation in E^ypt 321 

Acres unsurveyed in Rapid City district, southwestern Dakota 80 

Actually irrigated, area 63 

Agricultural area w... 12, 58, 149 

Alfalfa, for - 128 

AUuvial 124 

Arable 10.50,53,54,59,114,148 

Arable, price in Arizona 59 

Arid 3,5,7,38 

Area irrigated in California 32,33,36 

of Colorado 66 

of Colorado River drainage. .«. - 58 

inDakotas ^ 80 

irrigable - 19,23,76 

sub-irrigated * 37,43 

total 33 

under ditch in Colorado 63 

of watershed 30 

Bench, area 19,20,34,42,43,298,317 

Bottom, area 8,17,19,41,4:^,58,67,86,89,112,294,398 

Cienagas or wet places 24,28,91,^ 

Colony 102 

Colorado Plateau, on 6,14 

Columbia River Plains, in 42 

Cottonwood Flat, on 114 

Cucamonga Plain, in Y^-^Ac^flr> ^^ 
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Deserts, the Colorado 8,32,102,107,138 

Indio * 21 

Mapimi, in Mexico.. 297 

Maricopa, in Arizona ^..: 297 

Mojave 20,21,102,297 

Sahara 320 

Districts in North and Sonth Dakotas 80 

nnder water in Utah 49 

Estimated cost of improvement, Staked Plains 100 

areas under artesion well irrigation 96 

Farming areas 58, 69, 71, 76, 91, :309 

Fertility of, in Arizona 58 

Fpothills, the..... 6,9,11,13,21,58,65,81,85,87,92,102,149,297 

of Cascade 42 

of counties partially irrigated 36 

of Orville, about 19 

of Sierras Nevada 7,18 

value of, San Joaquin Valley 11,12 

Fruit-producing, the '. 34 

Government, the 20,67,68 

Great Plains, on 80,81,82 

Growth of, enterprise and values, of 21 

Healthfuluess of irrigated... 317 

Hill, the 10,12 

*• Hog wallows," in 10 

\ Homestead law 67,72,80 

Hydtological areas, in 6 

Idaho sage brush 39 

Irrigable 19,21,24,77,127,304 

in Fresno County 21,22 

in Los Angeles County 23 

the value of non-irrigable 20 

value increased under irrigation 42 

Lamanda, at 21 

Little Crow Flats, at 87 

Maudelii) Plains, at 19 

Marquis Plateau, at 145 

Maynard Flats, at 87 

Mesa or bench 14, 15, 27, 31, 40, 42, 58, 59, 67, 92, 111, 149, 297 

Mexican Plateau, a 300 

Mountain and hill 10 

Non-irrigated 23 

OatmanFlat, at 114 

Pan-handle region, in 91 

Parley's Park, at , 51 

Plains region, in 4,23 

Porous, the * 317 

Public 19,35,41,44,48,49,66,84 

Ripatian 273 

Rockies, the, ratio of mountain, plain, and forest area 108 

Sage brush, the 39,309 

San Bernardino, classified, at* 27 

San Jacinto Plains, on 104,135 

Sandy Bottom, the 31 

Small farms and holdings 71,319,320 

Southern Joaquin Plains, in .' 11 

Staked Plains, at, Texas 91,99 

Stock-raising on irrigated 315 

Sub-irrigated 43 

Swamp '. 120 

Table, the 5,14, 15, 40, 42,79, 92, 107, 112,282 

of Southern Arizona and of New Mexico 6 

Under canals and ditches, Arizona 59 

Unityof land and water ..i 317,318 

Valley, of the 10 

Valueof, in Egypt 324 

Yalue of, with perpetual water right. .'.,^„,^,,», „, ,, -»». «*«t 49 

138 A Irf— 4? JQJ4 IY^^2* ^ , 
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Lftkes, as irrigation sonrces — 

Atemanica, at 290 

Atoyac, at 290 

Burnside, at , 147 

Ciyitiian, at 290 

Chapala, at 290 

, Clear, the 9 

Devils, the 93 

Donner, the ^ 75,145 

Dry, the 9 

EaKle,the 9,19 

Elizabeth, the 9 

Fall, the-.... 9 

Geneva, the 321 

Groose the Q 123 

Great*salt,'thVI^^'l.'.^'^"^^^'!^^^^^'.*.^"^^^^^*J.'.^5,"56,^ 

Honey,the ■. 9 

Pyramid, the 147 

San Marcos ^ 290 

Santa Maria del Oro 290 

Sayula 290 

Tahoe 9,75,145,146 

Tulare ,. 8,9,120 

Utah 49,51,56 

Zacoalo 290 

Kern d,9,124 

Klamath 9 

Magdalena - 290 

Mercaltitan 290 

Moeris :.. 321 

Mono 9 

Owens 9 

Pancwitch 49 

Laws relating to irrigation and w^ater — . 

Arizona, statutes of 176,177,178 

Acequias, public and private rights in 176 

when taken out by private persons 176 

not to be interfered with.. 176 

Animals to be controlled by shepherd....... 177 

By-paths prohibited over fields 176 

Commnnity ownership of dicches 177 

Conveyance of waters, incorporation for 178 

Convictions, appeals allowed on 178 

Crossing of roads by ditches 177,178 

Customs of Sonora in force 178 

Damages, how assessed 176 

Dams, not to impede irrigation.... 176 

Elections, order and conduct 177 

Exclusive right to water, when 177 

Fines for refusal to labor 177 

Funds^ road-making for 178 

Inhabitants, right to construct acequias 177 

Justices of the peace^ their duties 177 

Laborers, when required 177 

Land-owners required to labor..... 177 

Overseers, pay and duties of 177 

Reduction works, when prohibited 176 

Riparian rights, not recognized 176 

Scarcity of water, how met 177 

Trees on ditches, owned by ^ - ,... 178 

Water regulations in force.. 178 

California, statutes of* 180, 181, 182, 183, 184, 185. 186, 187, 188, 189. 190, 191, 

192,193.194,195 

Acquisition of lands and water 188, 189, 190, 191, 192 

Agents, power to appoint .... 181,182 

Assessments, how made and paid 180 

Assessors and deputies, qualifications and duties of 180, 183, 184, 185, 187, 

^ ^ 188,18 9,191 

* Wright district act and acts amendatoryty^OC 
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BoMrd of equalization, duties 183, 188 

Board of supervisors, powers of 17^ 

Bonds of district, mode of issue, classes, and sale 183, 188, 189, 193, 194 

Bonds, official amount of , 180,182,188,189,193 

Boundaries, changes of 179,189,190,191,194 

By-laws, when framed and published 181 

Canvass of votes, how -made 180, 181, 184, 185, 187, 188, 189, 190, 192 

Certificates, when issued 180, 184, 185 

Collectcw of taxes, election and duties of 180, 184, 185', 188, 189 

Compensation of officers..-.- 187 

Construction of works i 181,182,186 

Contracts, how made and enforced 186 

Directors, election and duties of 181, 186, 188, 189,191, 192, 194 

District for irrigation purposes, its powers 179, 190, 191, 192, 193, 194, 195 

Divisions of district 179, 180, 184, 190, 191 

Elections, how held and what for 99, 180. 181, 187, 189, 190 

Electors, qualifications of -.... 180 

Freeholders, right to form district.... 179 

Interest on bonds, amounts of * 182, 184 

Newspapers, advertising in 182,184,185,186,189,191,193 

Oaths, use and administration of 180 

Kesident board of directors . . . i - . 181, 182 

Property, assessment, sales, redemption of.. 182, 183, 184, 185, 186, 188. 189, 191 

Salaries, schedule of 187 

Secretary board of directors of 180, 181, 183, 184, 188, 191 

Treasurer irrigation district of 181, 182, 185, 18 5, 188 

Water rights, public control of 181,182,186,187,188 

Water rights, ownershipof, bv district - 179, 182 

Colorado, statutes of .. ..191, 192, i93, 194, 195, 196, 197, 198, 199, 200, 201, 202,203, 
204, 205, 206, 207, 208^ 209, 210, 211, 212, 213, 214, 215, 215 

Certificates of priority, now issued 196 

Claims to water must be filed. ^ ...*.j 191 

Clerks of courts, duties, etc ^ 197, 198, 199, 200, 201, 202 

Commissioner, for water districts ...*. 199,207,208 

bond of :, 212 

powers of distribution, etc.* 199,200,201,213 

Construction of ditches, etc, time allowed 191 

Corporation ditches, control of... 202,203,204,205,206,209,210,212 

County comnnssiouers, irrigation duties of 202,206,210,211 

Diminution of flow, rights of owners affected 194, 195 

by lowering of channel 195 

Distribution of water, act regulating 212,213 

District courts, required to adjudicate 195 

filing descriptions with 175 

powersof. 196,197,19a 

referees to be appointed by 198 

powers given to 198,199,200 

Ditch owners as common carriers 206 

Ditches to he-kept in repair, penalties for failure 203, 204 

willful injury to, trespass on 204,205 

Evaporation and seepage, allowcuice for 203 

Fees, provisions for 199, 202 

Foaling streams and ditches forbidden 205 

Flumes, construction and care of 204,205 

Governor, duties of 208,212,213 

Headgates to be maintained by owners ■ 204 

Irrigation districts, their powers 207 

Judges, their duties and powers 198,199,200,201,202 

Measurement of water, mode of 205,208,209 

Newspapeis, use of for legal notices 196 

Numbering ditches, when and how ...* 197 

Possess<Kcy land title, conveys water. . * 194 

River appropriations, provisions for 194, 195, 196, 197, 198, 199, 201 , 202 

Private ditches, regulation of 202 

Private lands, taken under eminent domain 191 

Rates for water, regulations of 210,211,212 

Refbrees, their fees and pay,, ^rg¥zedryGo^fe *^^^ 
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liftws relftting to irrigation and water — Continued. 
Colorado — Contin oed. 

fieservoirs, owners and construction of ••••.... 203 

Right of way, relating to 195,202,203,209,216 

Sheriflfs, their powers 198,202 

State engineer, competent in hydraulics J 208 

duties of 208,209 

State land commissioners 209,210 

Superintendents division of irrigation 213,214,215 

Taxation, irrigation works free trom 209 

Vested rights maintained 191 

Water rights, act to protect 215 

Water wheels, right to use, 191 

Dakota, statutes of 217,218,219,220,221,222 

Act for artesian wells 218,222 

Abandoned, right of way, when 218 

Additional assessments 221 

Advertise for bids « 220 

Appeals to district court ', ^...* 219 

Application by freeholders 218 

Appointment of viewers 218,219 

Appointment, mode of. ••• 220 

Assessed lands, description of 222 

Assessment, board of 220 

meetings of. ^ 

modes of 220 

principles of 221 

reviews of 221 

Attorney-general, duty of 221 

Blanks, attomey-generaPs office L.. 221 

Board assessment, meeting of 220 

Clerk county, duty of 221 

Code, civil 221 

Code, political 2l7 

Collection of tax 220,221 

Commissioners created • ». •— 218 

Compensation of officers 221 

Construction, bids for • 220 

Contract, security of 220 

Contractors, mode of payment 222 

Damaging lands, penalty for 217 

Delinquency, sale for 221 

Description assessed lands ••• 222 

Deterioration of lands • 217 

Diminution of water ...... ,...••••... 217 

Disqualification of officers 221 

Disqualification by interest 222 

Duty of overseers ;, 219,220 

Failure of, compliance with law 217 

Fee of viewers o- 219 

Fund, artesian well ^w^> 220 

Land-owner's rights 217 

Locating right of way 218 

Location, order for • • 219 

Model for assessment 220 

Model for appointment » 220 

Model for collection 220 

Model for railway collection 219 

Overseersof highways , 222 

Penalty for non-payment .-..219,222 

Plat, filing of J 214 

Eepealof law , 222 

Beporton damages 219-221 

Eight of way 418 

SiJeof land for delinquency 221 

Tax, general township ,.... 220 

Tax, railway share of ,,.-.. 219 

Water-courses unobstructed • 217 

Water rights, under • «.^ 216,217 

Wells, references to J?f:r. «l8,2;9,8«),«?i 
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Idaho, statutes of 222,223,224 

Appraisers, to hear water cases 223 

Appropriation of water, right to nse ^.^ 222,223 

Beneficial use to bo defined * 223 

Canals, construction and care of 222, 223 

Claim, notice of, to be posted ^ 222 

Company or corporation, action of 222,223 

Common property defined 224 

Damages, on what grounds 224 

Distribution of water, how 223,224 

Diversion to be complete 222 

Fines, when levied 224 

Frontage on stream — 222 

Husbandry, protection of 224 

Labor, when required 224 

Necessary works to be provided -. -. 224 

Newspapers, notices in -•. 223 

Rights of,owners to be protected 223,224 

Water district, how formed .... , \. 224 

master, how elected v — . 224 

and deputies, powers -- 224 

Kansas, statutes of , 225 

Montana, statutes of 226,227,228,229,230 

Agricultural use of water 226 

Appeals, when taken 228 

Appraisers, appointment of 226 

Appropriation, what is required by 229,230 

Appropriation of water to be beneficial 229 

Certificates of appropriation * 225 

Company or corporation, power and obligations of 228 

Costs of suits 225,226,227,228 

County roads to be crossed 228 

Courts, appeals to, and powers of 226. 227, 228 

Damages, how punished 226,227 

Diverting water unlawfully 229 

Fines, when levied 226,227,229 

Measurement of water 230 

Public highways to be repaired 227 

Rights of way 220,227,228,229 

Sale of water 226,227,228 

Water, access for use not to be forbidden 229 

Nebraska, statutes of 230 

Nevada, statutes of 230, 231, 232. 233, 234, 235, 236, 2*37, 238, 239, 240 

Acts passed, titles of 230,236,237,240 

Annual water rent, conditions of 239 

Appeals, when allowed 234 

Appropriations 232 

Arable lands, when irrigated 241 

Artesian wells, bounty for 5^40 

Beneficial use of water 231 

Jgoard of county commissioners, their powers 231, 232 

Board of reclamation, its powers 237,238,239 

Bonds, appropriation for 238 

issue and redemption 238,239 

Certificates of priority, how issued 233,234 

Clerk of the supreme court 233, 2:M 

Civil engineer, provided for, duty of - 238 

Construction of works, how provided for . , 232, 234, 235, 238, 239 

Corporations, how regulated 233, 234 

County, its relation to irrigation districts 231 

Courts, powers of i 231,232,233,234,235 

Damages, willfully done 234 

District courts, their jurisdiction 231 

Ditches, owners of, their priorities 232, 233, 234 

Ditches, their regulation 235 

Division of water, when unlawful 237 

Diversion of water, when - 235 

Elections, when held 238 
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Headgates, use and protection of 231,232 

Interest on bonds 239,240 

Irrigation districts, how formed 2:^7 

Newspapers, notices in 233, 2:M 

Priorities, water right 233,234,235 

Public property in water reservoirs, provisions relating to 232, 23:i, 234, 235 

State, comptroller of, his duties 239 

governor of, his duties 230,2:56,2:^9 

officers, unlawful interest in 239 

treasurer of, his duties 2:J9 

surveyor-general, bisduties 238 

Water commissioners, their duties 230, 231 , 232, 235 

New Mexico, statutes of 240,241,242,243,244 

Aeequias, public 240,241,242 

private 241,242,243 

Access to water for cattle not deniable 243, 244 

All impediments to irrigation prohibited ^. 240 

Appraisers, for compensation or damages, their duty 241 

Compensation for right of way - 241 

when refused 241 

Commissioners of ditches 242,244 

Commnnitv, construction of ditches 240 

Elections for irrigation purposes 240 

Fines, when levied , 242,243 

recovered, used for ditch purposes 241 

Justices of peace, their duties 240,^241,242 

Major-domos, elected bv people 242 

theirduties, pay, etc 241,242,243,244 

No payment for land when ditch is public 240 

Obligation to labor enforced 24*4^ 

Overseers of ditch repairs, etc 242,243 

Property in ditches 241 

when lying in different counties 241 

Proprietors of land obligated to labor 243 

Pueolo Indians, their community, rights to wat-er 244 

elect major-domos 244 

Rivers and streams as public dit-ches 240 

Salt lakes, public property in 244 

Shepherds, to control herds 240 

Tenants of land 243,214 

Water sources, all declared free 244 

Wells, their use 244 

Oregon, statutes of 239 

Conveyance of water, right of way for 239 

Patents for State lands, water rights of 239 

Right of way granted 239 

Use in irrigation 239 

Utah, statutes of 247,248,249,250,251,252,253 

Advertising, provided 250,251 

Agreement, to pay tax 250 

Appraisals of land 252 

Appraisement of land 251.252 

Assessments, for irrigation 251, 252 

Average flow of water supply 248 

Ballots to be counted by 250,251 

Board of references 248 

Books of record, water rights in .. 248 

Bonds to be filed 251 

Canals in district 250,253 

Canals for irrigation 247,253 

Certificate, district election 250,251 

Certificates, water right 248 

Claims for water or damages 248,249 

Clerk of district 250,251 

Commissioners, water 248,253 

Certificates, liability of 253 

Constructions, use of water ^-^ |.. 248 
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Utah— Continoed. 

Constractj^ works to 253 

Construction of IrriKation works, by whom 253 

Gorporatioos, how formed ....248,249,253 

County recorder ..^; : 248 

Dams, when to he constructed i 252 

Damages, payment for 250,252 

Definitions, in hiw. i 249 

Distribution of water, who by 248,250 

District work. 250,251 

Ditch, right of way 247,250,251,252,253 

Ditches, construction of 247,250,251,252,253 

Diversion of water, when unlawful.... 253 

Domestic purposes for.... 249 

Duty of county comptroller i .^ 250,253 

Duty of district officers 250,252 

Duty <tf recorder ; 248 

Duties of selectmen 248 

Duties of trustees 250,253 

Elections for officers 250,251 

Estimates for works 250,251 

Exemptions from 252 

Homestead, lien on 247 

Injury to settler 247 

Irrigation districts 250,253 

Judges of election 250,251 

Lakes, when used -. 252 

Landholders to form water districts ..*« 250,253 

Location of districts 250 

Maps of districts .'. 251 

Measurement of water 249 

Misdemeanor, when guilty of 252 

Notices, water districts 250,253 

Officers of water districts 250,253 

Patents, for lands, lien on 247 

Powers of trustees ^ 250,253 

Pre*emption, allowed lien on 247 

Primary rights 247,249 

Prior appropriation 247,248,249 

Priority of possession 247,248 

Public domain, references to 247 

Public highways, naTigable rivers are 248 

Eate of taxation, how determined 251 

Real estate, owned by water district 250,252 

Reclamation, water for desert land 247 

Right of way 249,250 

Ri^s, when used; 252 

RolHist required 250,251 

Secondary right« 248,249 

Selectmen, ex-officio water commissioners 248 

Settlers on public domain 247 

Streams in different counties 251 

Streams, not navigable .---.. 247,248 

Suits in equity 248 

Surplus water, use of 249 

Tax, for irrigation 250,253 

Tax-payers, obligation of 250,252 

Terms of district trustees 251 

Treasurer of district - 250 

Trustees, for water districts 250,253 

Unusual flow, secondary rights to 249 

Uses of water 248 

Utah, laws of, sessions of 1878-1880 247,253 

Value of lands 250 

Water, when insufficient .- 249 

Water rights, how secured 247,250 

Texas, statutes of 244,245,246,247 

Act to encourage irrigation 244 
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Laws relating to irrigation and water— Continued. 
TexJEM— Continued . 

Appropriation of unused waters. 244,245 

of land for right of way 245,247 

prior, provided for 245 

Canals, injury to 246 

Commissioners' courts, powers of 246,247 

Condemnation of land 247 

Construction works, when to begin 245 

Contract for right of way 245 

Corporatbns, forming of powers and duties 245, 246, 247 

Domestic use, of way 245 

Fares, when levied 246 

Fences, regulation of 245 

Grant of right of way 246 

Health to be protected 247 

Irrigation works, how inaugurated * 247 

over public lands 246 

Ownersof land, failing to protect works 246 

Police regulations, to protect ditches 246 

Use of water, public right to ♦.-.*. 247 

Wyoming, statutes of 253,254,255,256,257,258,259,260,261,262,263,264 

Adjudication provided for *. 262 

A^culture to have preference of water over manufacturing 263 

Appeals from arbitration : 254 

Appraisers, their duties 253,254 

Appropriation of water 256,256,257,258,259,260,261 

Arbitration provided for - 204 

City rights to water protected 260 

Compensation for damages provided 254 

Commissioners of irrigation provided for 255 

Commissioners' duties defined 255,256,257 

Damages for leakage, etc , 259 

Districts provided for 255 

Domestic use of water to have preference 263 

Engineer for the Territory provided for and duties defined.. 261, 262, 263, 264 

Fish to be protected 260 

Incorporation provided for 262 

Jurisdiction of courts 259 

Land and water rights defined 252 

Machines for raising water, right to w.... 254 

Possessory titles to land, water use attached 253 

Prior rights guarantied : 263 

Priorrights protected 253 

Rights of way for ditches defined 253 

Surplus water to be sold 263 

Water declared public property 263 

Witness fees, mileage, etc 259 

P. 

Pip«s— 

Asphalt concrete - 133 

Conduit 131 

Wrought-iron laminated .- 132 

Population — 

Arizona (estimated), of 59 

British India (total), of 326 

California, of 35 

Egypt, Upper and Lower 325 

Products, value of— 

Arizona, in : 60 

California, in 34,37 

cattle of 15 

Colorado, in 65 

Cotton, of 54,314,321,322,323,324 

Dakotas, in the 77 

Indigo, of 291 

Montana, in , 41 

Nebraska, in ^ j 80,84 
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Page. 
Products, value of— Continued. 

Sheep, of...: 15 

Sorghum, of 62 

Sugar, of .....54, 58, 62, '-{91, 293, 314, 321, 332, 383, 324 

E. 

Rain-fall of arid regions. .3, 6, 11, 12, 27, 31, 34, 40, 43, 48, 55, 58,70, 83, 89,91. 103, 133, 167, 

272,293,309 

Bear Lake, at '..... 139 

Belts 30 

Benicia, at 8 

Britishludia. in 326 

California, in 103 

Cascade Mountains, east of 6 

Clear Lake, at.... :. 8 

[Dakota, in 79 

Dayton, at 1 43 

Pes Moines, at * 55 

Distribution of 24 

Effect on irrigation 30 

Emery County, in *.... 54 

Fort Kedding, at 7 

Fort Lyon, at * 7 

Great Plains region 81 

Greeley, at, effects on* 70 

Idaho, average annual, in 39 

Increase, at high altitudes 43 

Increasing in West 81 

Kem River Ca&on on 12 

Los Angeles, at 24 

Mexico, in 282,283 

MiUerton, Cal., at 7 

Monterey, at * 7 

Mount San Jacinto, on 30 

Mount Nebo 53 

Mountains, in Utah 48 

Natural 19 

Piute County, in 52 

Pillarcitos, at ,. 8 

Plains, on the 88,89 

Rocky Mountains, on the 108 

Sacramento, Cal 7,8 

San Diego, at 8 

San Francisco, at 8 

Salt Lake, at 50,51,52,56 

Seasons of Arizona 59 

Shepherd rains, Arizona 59 

Sierra (winter), on the 127 

Southern Oal it'orni a, effect of intercepting mountains --- 27 

Southern Texas 4 

Stockton, Cal 7 

Storage reservoirs, in relation to 89 

Texas, in 88 

Utah, annual of 48,49 

Use of 109 

United States, in the 302 

Valleys in the.... 27 

Visalia, at.. 8 

WallaWalla, annual, at 43 

Washington 43 

Yuma, Ariz II4 

Ranches — 

Bellevue 125,126 

Buena Vista 123 

McClung 123 

Moxie 42 

Reservoirs- 
Alpine County, in .•.............-..—...-....—• — . 147 
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Keservoirs — Continued. 

Areaa of^ surface i^nd capacity 141 

Atemi^ac de las Tablas 290 

BearLake^at 50,141 

Bear Valley, at 28 

Capacity of. 63 

Cnyamaca, at 31,136 

Divisions, at South Platte, No. 1 64 

Arkansas, at No. 2 64 

RioGrande, atNo.3 64- 

Heniet Valley, in 135 

Hope Valley, in 146 

JuriquiUa, near 294 

Las Cnartas, at - 291 

Los Angeles County, ini 305 

Mormon. Creek, at 20 

Natural, the... ,.-.... -r-r-.-- - - 56,59 

Oatman Ca!|oi^« at ... 114 

Pinto, at, , 294 

Proposed at Pantano 111,112 

Proposed at Sierra Lakes 145,148 

Principal irrigation, the 305 

Quererato, Mexico, at 294 

SantaCatarina, at 294 

San Miguelito estate, on 294 

San Pedro Valley, in.l 112 

Santa Bosa, Tescuitatlan, at 290 

Sitesfor 19,31,52,66,111 

head of the Weber, at 50 

Space and water supply 141 

Storage 30, 42, 70, 89, 107,133, i:« 

Bear Lake Valley, at 138,139 

Subterranean - - 56,87 

Sweetwater, at 119,120 

Tabulated summary of, in Colorado 65 

Temecula Cation stori^e, at 32 

Tlaxcala,in ^ 294 

Wyoming, in 76 

TumaCounty, Ariz., in.... 113 

Eivers and valleys in irrigable regions — 

Acaponeta 291 

AquaFria HI 

Amacusac 292 

Ameca 289, 290 

American • 8,13 

Apazalco.., 289 

Apisa 291 

Arkansas 63, 81. 82, 86, 89, 106, 143, 144, 145, 167, 298, 303 

Astula 292,293 

Atloyac 294 

Ayuguila 289,290 

Bad 79 

Balsas 291 

Barenda 149 

Bear 13,42,50,54,305 

Beaver 86 

Big Sioux... 79 

Big Thompson... 87 

Blanco 295 

Bois6 39,42 

Bolanos 289,290 

Cache La Poudre 50,67, 68, 69, 87 

Calabozoor San Juan 295 

Calaveras 8 

Camotlan 289 

Canas 289 

Cannon Ball * 79 

Carson 9, 146, 147,300 

• Castle , 54 
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Page. 
Rivers and valleys in irrigable regions — Continued. 

Cazones 295' 

Chacala 289^290 

Chalnia , 292 

Cheyenne ^.. - 79 

Chiquita ;--. G 

Chonechilla 8 

Chontalcnratlan v.... 292 

Coatzacoalcos 295 

Colorado 6, 29, 55, 56, 57,58, 86, 99, 111, 115, 287 

Columbia * .% G, 29, 42, 43 

Consumnes * 8, 13 

Cunarron 5, 86 

Cuitzeo 289 

Cuvama ,...1 ,... 9 

Dakota 80 

Delos Hules 295 

Deschutes - -\ 44 

Diamond.: 146,147 

Dog 145 

Dolores...- 143 

Duero , 291 

Dutch.... 147 

Dumnunkle 301 

Eel 9 

Elk 9 

ElCajon 136 

*E1 Snr 9 

Feather 8,13 

yrancisco 58 

Fresno , 8,13 

Gallatin... 40 

Gila 6,56,58,60,62,91,111,114,115,155 

Grand 55,67,79,143,168 

Grass 53 

Green 52,54,55,67,79 

Hassayampa 61 

Heart 79 

Hemet 31,135 

Hondo 149 

Honey Lake 19 

Hope 146 

Huetamo , 291 

Humboldt 300 

James, or Dakota - 79,92 

Jordan 48,51,300 

John Day 1 44 

Juclnpila 291 

Jeflferson 40 

Kameah 8 

Kern 8,9,13,121,123,124,125,126,127,301,302 

Kings 8,13,309 

Kittitas 43 

Klamath 8,9,42 

Lerma.... 289,291 

Little Grand 54 

Little Missouri 79 

Little Truckee 145 

Long... 147 

Los Angeles 8,9,15,17,25 

Lower San Gabriel 25 

Lower Santa Ana 25 

Mad 9 

Madison 40 

Mantla, or Rio Frio 295 

Maple 79 

Marques 291 

Merced.. 8,13 
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Page. 
Rivers aud valleys in irrigable regions-^Continaed. 

Missouri 4,40,79,80,81 

Mississippi 62,n00 

Moctezoma 295 

Mojave 27 

MokeluniDe 8,13 

Montezuma 143 

Moreau -• 79 

'Mouse 79 

Murray 296,302 

Nachez 43 

Napa 8 

Nazas 289 

Nile 57,320,321,32:3 

North Platte 63,81 

Nortli Spring 149 

Old 124 

Ogden ^ 50 

Otter 40 

Owens 19,20 

Owyhee 44 

Pajaro 9 

Pamuco 297 

Papaloapam 297 

Pawnee 86 

Payette 39 

Pecos 99 

Pitt 8 

Platte 68,88 

Pleasant 147 

Po 273,383 

Powder 40,44 

Provo 51,52 

Poudre 309 

Queretaro 294 

Rabbit 53 

Ramos — 287 

Red 79,80,92,95 

Republican 82 

Rio Bravo 294 

RioGrande 4,56.57,63,66,148,291,292,293 

Rio Grande de Morelia • 289 

Rio Grandf de Tehuantepec 293 

Rio Mudo 295 

Rio Pecos ■ 148 

Rio Verde. .^ 56 

Richardson 301 

River systems in Idaho 38 

Roque 42 

Rosebud 40 

Round 19 

Rush 53 

Russian 8,9 

Sacramento 8,9.13,19,131 

Saguache - oOO 

Salinas 8,9 

Salt 6,56,58,62,101,111 

San Buenaventura 9 

San Bernairdno 102,104,139 

San Diego 9,31,136 

San Diequito 31,136 

San Fernando 23,24,102 

San Gabriel 9,23,24 

San Geronimo 292 

San Jacinto 31,104,135 

San Joaquin 7.8,9,10,11,12,13,23,27,28,102,120,308 

San Juan 55 

San Lorenzo 9 
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KiyerH and valleys in irrigable regions — Continued. 

SanLnis 66,74,300 

SauLuisRey 9,31 

San Marcos - 295 

San Pedro 6,58,92,112,289,295 

San Pitch 52 

San Simon ,« 92 

Santa Ana 9,27,28,29,103,104,139,306 

Santa Clara i 8,9 

Santa Cruz — 6,56,58,91,92,112 

Santa Inez 9 

Santa Maria — 9 

Santa Margarita — 9 

Santiago ~ , 301 

Sestin 287 

Seven «. 149 

Sevier 52,53,54 

Sheyenne 79 

Silver King 147 

Skull. 53 

Smith 9 

Smoky Hill 8i 

Snake 6,42,44 

Sonoma - - 8 

South Pablo 295 

South Platte 63,87 

South Spring 149 

Spanish Fork 51 

Stanislaus - 8 

St. Peter and St. Paul 295 

Sulphur 92 

Susan • 19 

Sweetwater .31,116,136 

Tambemba 292 

Tamesi 295 

Teoolutla - 295 

Tepalcatepec 291 

Tesechoacean 295 

Thistle 52 

Tie Juana 31 

Tietan 43 

Tongue 40 

Toole 53,56,101 

Truckee 75,145,147,148,300 

Tulare 9 

Tule 8 

Tuohumie 8,13 

Tuxpan 289,290 

Upper Santa Ana 138 

Utah 51,56 

Vermillion 79 

Villa Alta 293 

Virgin 54,55 

Walnut 86 

Weber 51 

Wenatchee 43 

West Fork of the Carson 146,147 

Whit*^ 8,44,79 

Whitewater 32 

White Woman , 86 

Winuiera 301 

Yakima 43 

Yellowstone 40,41,100 

Yuba 8,303 

Zahuapau 294 

Zapotla • 297 

Zula 289.290 

Boclw w4 9twti^, reference© to ,10. X4, 17, 85, 86, 87, 88. 92, 93, 95, 139 
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Seasons, in relation to irrigation- 
Delta, in the 321 

Drought, of 51,61,77,82,143,148,292,293,294,295,300 

Non-irrigating, the 134 

Rainy, the 10,11,12,59,116,121,133,282,287,292,294 

Slonghs, used in irrigation 9,11,123,124,125,310 

Soils and their irrigable character — 

Alluvial 5,8,13,57,58,282 

Black andsandy loam 77 

Clay 5J, 54, 70, 307 

Infiltration, of 267,268 

Limestone 149 

Mesa and tablelands, on 41 

Quicksand 87,303 

Red loam - 41 

Sandy 11,17,19.50,51,89,127,310 

Subsoil 69 

Small fruit, under irrigation 6,34,43,77 

Blackberries 17,62,314 

Grapes 17,34,35,39,60,62,65,99,316 

Mulberries 325 

Raisins 17 

Raspberries 17 

Strawberries 17,19,62,71 

States, references to — 

California 4, 6, 7, 9, 15, 17, 19, 20, 21, 26, 29, 30, 34, 37, 40, 56, 57, 62, 74, 75, 84, 129, 

139, 148, 163, 297, 298, 299, 300. 301, 305, 307, 310, 314. 316, 317, 320, 333 
Colorado .... 4, 5, 6. 38, 55, 67, 73, 74, 82, 84, 85, 88, 90, 143, 163, 265, 297, 298, 300, 304, 

305.307,314,317,318 

Dakotas, the, North and South 4,79,80,84,85,105,163 

Georgia 267 

Iowa 300 

Kansas 4,81,82,85,86,163,297,298,300,317 

Louisiana 317 

Minnesota 88,93,300 

Missouri 317 

Montana 4,5,38,84,163 

Nebraska...'- 4,82,84,163 

Nevada 4, 5, 6, 19, 38, 49, 55, 56, 57, 84, 91, 145, 146, 148,163, 297. 304, 309 

Oregon 4,5,6,38,43,44,84.163 

Texas 4,5,40,88,91,148,265,300 

Washington •..4. 6, '38, 44, 84, 163 

Snow-fall, in arid region 6,13,14 

cubic, feet of - 39 

Idaho, in - 39 

melting in summer 127 

perpetual snow 9 

Rocky Mountains, on 82,108,109 

Sierras, on the 13,107 

Utah, in 48 

Nevada, average depth of 75 

T. 

Taxable values of California 35 

Trees, in irrigable areas — 

Acacias 325 

Ash 58,62 

Black oak 12 

Box-elder ^. 39 

Catalpa 62 

Cedar 8 

Cork elm 6^ 

Cottonwood 8,30,58,62,112 

Cypress '. 325 

Elm 12,137 

Fir.... 8 

Locust .^^...,39,58,B2 

Lombardy s^tteet^teyieiiOiQ.. 62 
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Trees, in irrigable areas—Continaed. 

Magnolia 62 

Mesqnite - 62 

Myrtle 325 

North Carolina poplar ^ 6S 

Oak .- 8,136 

Palm '. 62 

Pepper -. 62 

Pine...-. ...- 8,12,136 

Poplar i 39 

Redwood 12,303 

Sycamore ■. i 8,325 

Tamarack 62 

Timber, forest 40,58,70,74,79,107,108.333 

Umbrella 62 

Walnut 39,316 

Weeping willow 325 

Willow 8,30,62 

Territories, references to— 

Alaska ...-.......*.... 4 

Arizona 4,5,7,^38,55,88,60,81,84,91,105,163,297,309,317 

Idaho 4,5,38,42,43,44,84,163 

Indian.... 4 

New Mexico 4,5,6,38,56,68,81,84,91,92, 105, 148, 149, 163, 265,298,299,301 

305,315,317 

Utah 4, 5, 6, 38, 55, 56, 67, 84, 163, 296, 297, 298, 299, 300, 304, 306, 308, 309. 310, 

314,315,317,318,319 
Wyoming 4,6,38,76,79,84,163,169,300 

Testimony and statements as to irrigation— 

Anghey. Prof. Samuel 81 

Baker, P.G 23 

Breckenridge, William M Ill 

Burton, J. R 71 

Carpenter, L. G 63,168 

Castanos, Senor D. Gabriel 292 

Cartee, L. F 39 

ChaflEee, Bros 28 

Chamberlin, Professor 93 

Cole, Mr 267 

Culver, George £ * 105 

Deakin, Hon. Alfred 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, .306, 306, 

307, 308, 309, 310, 311, 312, 313. 314, 315, 316, 317, 318 

Dunbar, Thomas P 71 

Eaton,F 121 

Famish, Mr 60 

Fernow, B.E c 108 

Gilbert, G.G 144 

Gilbert, J. W 144 

Hall. William H 26,27,30,31,32,103 

Hicks, Professor - 96 

Hughes, Thomas 22 

Indian agent's report, Arizona 115 

International Encyclopedia, from 269 

J acKson, Xjt u» £l .... .... ...... .... .... ••.... ...«.• .*...* «...•• .... ...... <i5Sfo 

Jones, Prof. M. E , 49,50,101 

Judd, Orange 84 

Linant, M 320 

Manuel, George 21 

Marsh, Hon. George P 265,266,267,268,269,276 

Maxwell, State engineer, Colorado 63,168 

Meade, Elwood 76,169 

Mais, T. B - 167 

Moncrief, Sir Colin 321 

Nettleton, Edwin S - - .108,168 

Newell , Prof., U. S. G. S.. ....... .......•••.... 167 

Powell, Director J. W - 96,165,167,318 

Oury, F. W.... HI 

iRoseler, Frank £ - 98 
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Page. 
Testimony aud statements as to irrigation — Coutinaed. 

Schuyler, James D , 115 

Shorb, J. DeBarth : 62 

Sonle, E. E 144 

Thomas, Governor 100 

Tweedale, W 82, 83, 84, «5, 86, 87, 88 

Ulrich, J.C 142 

Van Diest, P, H 90 

Walker, Francis A 84 

West, George H 85 

Wheeler, George M 96 

Wilbur, CD 81 

U. 

United States, references to 3,5,9,17,21,55,81,84,89,91,92.115.265.268,282, 

298,299,300,317 

V. 

Value of product, California 34 

Vineyard, Barton, at Fresno 319 

Kaisin region, in the 10 

Phyloxera, pest of the 131 

W. 

\ 
Water, amount, character, duty, etc., of» 

Amount of, used in India, cnbic feet 18 

Spain 18 

Appropriated for irrigation 70 

Bearing strata 86,87,88 

Blank contracts used in Colorado ..153, 154, 155, 156, 157, 158, 159, 160, 161, 162, 16:? 

Blank showing the manner of meeting tax 48 

Capillary attraction of 310 

Commissioner of 69 

Cost o^ per honr in Los Angeles County 25,26 

Cost of, Yakima Valley, Washington 43 

Daily consumption of, for different kind of crops 83 

Deed for. form of 73 

Depth Of, at f uma 114 

Digest of decisions in United States State courts on appropriations, uses, 

jurisdictions, in suitfi 333, 334, 335, 336, 337, 338, :«9, 340, 34 1 , 342, 343, 344, 

345, 346, 347, 348, 349, 350, 351, 352, 353, 354 

Distribution of, in Arizona 63 

in Los Angeles County , .25,26 

methods and measures 285 

by pipes 306 

Duty of 7.15.28,63,311,312 

Evaporation of 7,56,61,70,86,107,308 

Fertilizing quality of 83 

Flood, the 324 

Flow of. Big and Little Rock Creek, in 20 

Colorado River, in 29 

Mojave River, in , 20 

southwest Kansas, in 82 

Fort Adams as, store-house 43 

Gauge of , 45 

Horary, or time distributory system of 47 

lucrease of 7 

Laws, Colorado, of, reference to 72,73 

France, of 273,274,27.5,276,277.278,279,280,281 

Mexico, of 283, 284, 2H6, 286, 287, 288, 289, 293 

Modem Italy, of 272 

Older lands,* of 269,270,271 

fkud practice^ , 46,47,48 

regulatfpm .• 15,16 

'^^f^ — - '^"o:5S.7GOO§l-^^'*^^ 
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Page. 

Water, amount, eharaoter, duty, etc., of— Contiuued. 

Legal relations of : 15,16 

servitude of 279 

Liter, unit of measure for ^ 

Lost in bowlders 24 

Master or zonjero 28,45,46 

Maximum of, in Cache LaPoudre...., 69 

Measurements of 46 

Mexican use and control of 283 

Miner's, inches of, furnished by Yellowstone River 41 

Module for measurement of * 128 

Natural public property in * 44 

Ogden, head of 50 

Percolation of .* 21,61,125 

Poncelet's system 289 

Price of : 312,313,314 

perpetual rights 74 

Primary rights of 46 

Privileges and their character 271 

Pumping by 85,86 

Re-appearing in Ciengas 24 

Regulations, State of Durango 287,288,289 

Jalisco • 289,290 

LowOT California 287 

Michoacan 291 

Rented 74 

Reservoirs, to prevent loss of .c 89 

Rights, farmers' service 73,74 

France, in 277 

under State constitutions — 

California 171,172 

Colorado 172 

Idaho (pronosed) 172,173 

Montana..*. 173,174 

New Mexico (proposed) 174 

North Dakota 174 

Washington , 174 

Wyoming (proposed)... 174^ 

treaties United States guarantying Mexican customs 240 

Union Colony, of Colorado 68 

Zacetas, at Mexico 295 

San Simon Valley, in _ 92 

Shadoofs or Egyptian liflers *- 324 

Seepage of, in river, valleys, etc 7,11,53,70,85,87,89,125,308,310,311 

Sheds of 30,136 

Bear Valley 139, 

Carson River 147 

Utah 49 

Springs of California 301 

Comanche 99- 

Nevada 75 

Storage of-— 

altitudes, at high 39,106,107,109. 

• California, in 34 

Carson andTruckee basins, in 148 

Montana, in 40,41,42 

Necessary 31,66 

Surplus in the Rocky Mountains 85 

SinallMexicaB streams: Caramecuara 291 

Las Joyas 291 

Oaxaca 293 

Purnaran or Caliente 292 

San Juan 291 

Tacambaro 292 

Turivan 292 

Supply of, in — 

Arid mountain region 5,29,33,112,300 

By pumping, in California 14 

Colorado Plateau, on .^-a. -i.. 6 

By drainage .^i^tiz£diDy.Lj.O.Qg.L€ 86 

138 A L— AP VOL IV 35 
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Th . 
Wiitt'r^ amount , chariictHar, daty, etc., of— Continued. 

Biipply of, in— Coatinaed. 

Exliaiistion of 1 / 

Foot II ill tvgitm, Mt. ShMta, and San Bernardino ranges 

Idaho, in .,*.. • ---- — .... 

Montjjnii, sources of, in -- 

Nevadut iu *.* - 

Oweue Vttlk\v, in California 

&an Joaquin Yalley, in 

i^nrcea of.. 2 ^ 

Tanmulipas 2 ^ 

V«ra Cruz, Mexico 2 

jaubterminiiiu., 7, 13, 14,48, 1 ' 

Wjouiiui?^ iuv < 

Burfaci?, oD • •--• -^ 

gnritlus of.,., -•- 26.^ 

System, ^liHtribntion of 

LoM Angeles County, in California 

Tia, Juaiia., ImaS. of > 

Underflowr or alioet water 85,88,91, ' 

Kuuaas and Upper Arkansas, in 143,1 • 

Texas, in 

Use of welU • 1«' 

Utilizing tiubterranean '4 

V^alue of..-.. ! 

Vera Gnu and Zacatecas, at 2 

Vobime from Yellowstone River 

Waste .„.-.--- 1' 

Weira or dropB. 127,1* 

North Pondro » 

South Platte 303, a ' 

Wooden 3< 

Windft^ 

Chinook, a warm 

Dry 1< 

Hot,..,„. ■; 

Traile : 

Wimdmilla ,,, : 14,5 
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